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ABSTRACT 
Many state highway agencies are in the process of transitioning pavement design 
procedures from the empirical AASHTO design to the new M-E PDG. The New England 
states and the State of New York initiated NETC Project 06-1 "New England Verification 
of NCHRP 1-37A Mechanistic-Empirical Pavement Design Guide with Level 2&3 
Inputs" to gather more information about the new design and to make the implementation 
process smoother. The objective of this project was to evaluate which of the Level 2 and 
3 input variables require state specific information, which of the national default values 
are acceptable for the M-E PDG in New England and New York, which variables are 
available and collected by the state agencies, and for which variables regional or local 
calibration will be necessary. This study identified critical state specific factors affecting 
predicted flexible pavement distresses and roughness as well as to what degree. This 
thesis presents data, analysis, state specific recommendations, and general conclusions 
for the states of Vermont, Massachusetts and New York. 
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Chapter 1: Introduction 
Most of the State Highway Agencies (80%) are still using pavement design methods 
based on empirical equations derived from the American Association of State Highway 
Officials (AASHO) Road Test that was conducted in the late 1950s. The test was 
conducted with modest traffic levels compared to current traffic levels, with limited 
structural sections, and the test was based on the study of only one location in Ottawa, 
Illinois. The results from the AASHO Road Test have limited application relative to 
current pavement design criteria in use today. To address this, in the mid-1990s, the 
National Cooperative Highway Research Program began work on a design guide based 
on a mechanistic-empirical approach. Representatives from state DOT's, HMA and PCC 
paving industries, academia and FHWA worked together to deliver a novel pavement 
design software called the Mechanistic-Empirical Pavement Design Guide (M-E PDG). 
This user friendly M-E PDG software predicts the pavement condition over time taking 
into consideration of many different factors including traffic, climate and pavement 
structure. 
The Mechanistic-Empirical Pavement Design Guide (M-E PDG) was developed under 
the National Cooperative Highway Research Program (NCHRP) Project 1-37A for design 
of flexible and rigid pavement structures. The mechanistic-empirical approach of the M-E 
PDG methodology represents a fundamental shift for pavement design. It considers the 
input parameters that influence pavement performance - including traffic, climate, 
pavement, unbound material structure and layer thickness - and applies the principles of 
1 
engineering mechanics to predict critical pavement responses. The responses of the 
pavement defined in terms of stresses, strains and as well as other parameters are 
analyzed using rigorous theories of mechanics, and subsequently the critical response 
quantities are empirically related to pavement performance. 
The M-E PDG changes the design process, required inputs and the way engineers 
develop and implement efficient and effective pavement design (2) (3). The M-E PDG 
does not provide the user with a design thickness of the pavement (like the AASHTO 
design does), but rather provides the user with projected pavement distresses and 
smoothness (IRI) over the design period. The design process is completed after user's 
acceptance of the projected level of distresses. 
In 2006 the New England Transportation Consortium (NETC) introduced Project NETC 
06-1 "New England Verification of NCHRP 1-3 7 A Mechanistic-Empirical Pavement 
Design Guide with Level 2&3 Inputs". The main purpose of this project was to help New 
England states and the State of New York to gather more information about this new 
pavement design, to realize advantages over the existing AASHTO methods, as well as to 
provide recommendations of steps that need to be taken before the decision to implement 
the M-E PDG. 
1.1 Objective 
The main objective of the research was to identify critical state specific factors affecting 
predicted pavement performance for level 2 and 3 M-E PDG input values, in Vermont, 
2 
New York and Massachusetts. The research focused only on the mechanistic-empirical 
design of new flexible pavements with a 20 year design life. The research also provides 
the state highway agencies with the option of using default inputs for low volume roads, 
addresses some issues and concerns that arose during the design process, identifies the 
necessity for a local calibration or field and laboratory data evaluations, and specifies the 
guidelines for future implementation strategy in terms of data collection techniques and 
existence of required specifications for the M-E PDG design. This research is a part of 
the New England Transportation Consortium (NETC) Project 06-1: "New England 
Verification of NCHRP 1-37A Mechanistic - Empirical Pavement Design Guide with 
Level 2 and 3 Inputs" and is presented in this thesis. 
For all research sensitivity analyses the M-E PDG version 1.1 was used. Version 1.1 
outputs were compared, during the first phase of the research, to results from the previous 
analyses, which used the 1.0 version software with different states (Rl, CT, ME and NH) 
(4). 
1.2 Research Significance 
The mechanistic-empirical pavement design guide (M-E PDG) procedure requires 
defining a large number of traffic, climate and material related inputs by the pavement 
designer before conducting an analysis. Therefore, before conducting any runs, the 
designer must determine which variables are to remain fixed and at what level, which 
inputs need to be investigated and which input value ranges are to be used for the 
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sensitivity analysis to represent specific conditions. It is known that not all inputs in the 
performance models have an equal impact on the predicted distresses. Therefore, it is 
very important to try to determine which variables have the largest impact for the typical 
pavement design. The sensitivity analysis can determine the impact on pavement 
performance caused by individual changes in the previously selected significant design 
inputs. 
The sensitivity analyses were conducted only for new flexible pavements throughout 
three states (VT, NY and MA) with inputs variables based on the relevant state's 
Department of Transportation (DOT) specifications, LTPP database, climatic stations 
data, selected project locations, and other findings obtained from both the internet and 
from published literature, e.g., research papers. 
The research significance was to determine the critical state specific factors as well as to 
provide an analysis of their influence on the M-E PDG prediction data. 
1.3 Research Tasks 
The following identify the steps which were used to perform the Sensitivity analysis 
process: 
1. Identification of the LTPP road sections. 
2. Collection of all necessary input values. Analysis data and values were based on 
an existing pavement structure, material properties, tolerances, specifications, 
monitored performance or literature review. 
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3. Evaluation of the accuracy and adequacy of data collection. 
4. Identification of critical inputs which could affect the M-E PDG pavement 
distress predictions. 
5. Selection of the control input file, which was used as a baseline for the sensitivity 
analysis. 
6. Variation of one input value over its typical range while holding other inputs 
constant and analysis using the M-E PDG software. 
7. Repetition of the same process for all critical inputs for the design, including 
climatic, traffic inputs, material properties and structural design parameters. 
8. Identification of the state specific critical input variables based on the M-E PDG 
runs and comparison to nationally calibrated data. 
9. Presention of sensitivity analysis in graphical form and summarization of the 
pavement performance results. 
1.4 Organization of Thesis 
Chapter 2 presents a literature review of the M-E PDG. It presents the history and 
background of the M-E PDG, the existing AASHTO methodology, differences between 
these two designing methods, critical input parameters for the M-E PDG, and findings 
from completed research activities in Indiana, Ohio, and South Dakota. 
Chapter 3 presents a research methodology used for this study. It contains data collection 
methods, tolerances used by the respective states, and input values required for M-E 
PDG. 
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Chapter 4 presents data analysis, results and discussion for the states of VT, NY and MA. 
Chapter 5 presents state specific recommendations, general conclusions, and 
recommendations for future work. 
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Chapter 2: Literature Review 
Results of the literature review are summarized in the following section. The significant 
findings from the literature review were applied to this research. 
2.1 Background of Flexible Pavement Design 
2.1.1 Existing AASHTO Methodology 
Starting in the 1920s the State Highway Agencies and the Bureau of Public Roads started 
a series of road tests to determine the relationship between axle loading and pavement 
structure on pavement performance (2). This knowledge was needed to assist in the 
design of pavements to establish maximum load limits, and to provide a basis for the 
allocation of highway user taxation. The AASHO Road Test (1958-1960) was the last of 
the series. It was conducted with limited structural sections at one location in Ottawa, 
Illinois. The test studied the performance of known thickness pavement structures under 
moving loads of known magnitude and frequency. These tests were conducted for both 
pavement types: asphaltic concrete and portland cement concrete. The test facilities had 
six loops of 7 mile two-lane pavements (Figure 2), which contained 836 test sections with 
a wide range of surface, base and subbase thicknesses. Test traffic was inaugurated on 
October 15, 1958 and ended November 30, 1960 (Figure 1). 
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Five of the loops were exposed to traffic loading shown in Figure 3, and one was used to 
test environmental effects. 
•"•«$»;*•- ••^*mvmi"-
Figure 1: Test Vehicles during the 1950s AASHO Road Test (Ref: AASHTO Design 
Guide, 1972). 
Figure 2: AASHO Road Test Layout (Ref. Smith and Skok, Transportation Research 
Circular, July 2007). 
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The test data established the relationships for pavement structural designs based on 
expected loadings over the life of a pavement. Figure 4 shows the construction of 
the flexible pavement section for the AASHO Road Test. 
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Figure 4: Bituminous Concrete Construction for AASHO Road Test 
(Ref. CH. Wagner, FHWA - Resource Center, February 2007). 
Following completion of the Road Test, in May 1962 the AASHO Design Committee 
reported the development of the AASHO Interim Design Guides (1st - Flexible, and 2nd -
Rigid Pavement Structures). All the pavement design procedures within these Interim 
Design Guides were based on the results from the AASHO Road Test and were supported 
by existing design procedures and available theory. Although the AASHO Road Test 
represented the most comprehensive development of the relationship between traffic 
loadings, material characteristics, structural thicknesses and performance, the results were 
limited by the scope of the test and conditions under which it was conducted. The 
performance equations from the AASHO Road Test were developed based on: (2) 
• Specific set of paving materials 
• One subgrade material type 
• A single environment 
• An accelerated procedure for accumulating traffic 
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• Accumulation of traffic on each test section by operating vehicles with identical loads 
and axle configuration, rather than by mixed traffic. 
To develop a new design procedure for a different location it was necessary to make 
certain assumptions, which adjusted the different traffic conditions, specific climate and 
material types. 
The assumptions and limitations associated with each design procedure were enumerated 
in the guides, and each emphasized that: 
"The Guide is interim in nature and it is subject to adjustment based on experience and 
additional research" (2). 
The 1962 Interim Guide was first revised in 1972 (2). The design methods and 
procedures contained in 1962 version of the guide were not changed in the 1972 revision, 
but both the flexible and rigid design guides were incorporated into one document. 
A more significant revision to the Interim Guide was made in 1986, however the 
procedures were still based on the performance equations developed in the 1960s (5). At 
this revision several important items were considered: 
• Resilient modulus for roadbed soils was recommended for characterizing soil support 
• Design reliability for adding safety to the pavement structure 
• The resilient modulus test (AASHTO Test T-247) was recommended for determining 
layer coefficient in flexible pavement design 
• Subsurface drainage 
• Environmental factors such as frost heave, thaw weakening and swelling soils 
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• Rehabilitation of pavements 
• Discussion on the mechanistic-empirical design. 
The 1986 Guide for Design of Pavement Structures was, for the first time, not labeled as 
interim. 
The most recent revision of the Guide for Design of Pavement Structures, which guide 
included the consideration of the flexible pavements was introduced in 1993 (3). 
2.1.2 M-E PDG Methodology 
In December 1996, the National Cooperative Program (NCHRP) started Project 01-37A: 
"Development of the 2002 Guide for the Design of New and Rehabilitated Pavement 
Structures," which was the initial step for developing a new pavement design process. 
The design procedure developed under this project was a large leap forward from existing 
practice. Project 1-37A was completed in 2004 and has entered the implementation 
process. As of December, 2010 forty states in the US (Figure 5) are planning to adopt this 
design procedure (a few states are already using it), now known as the Mechanistic-
Empirical Pavement Design Guide (M-E PDG). 
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Figure 5: M-E PDG Implementation Status as of December, 2010 (Ref: Federal 
Highway Administration Office of Pavement Technology, December 2010). 
The M-E PDG design incorporates a hierarchical approach to design inputs for subgrade, 
materials, environment, and traffic information. Three levels of hierarchy are provided 
for within the design inputs: 
• Level 1 - the highest level of prediction. This level would be used for designing 
heavily trafficked pavements. Material inputs would require field or laboratory 
evaluation. 
• Level 2 - an intermediate level of prediction. This level could be used when 
resources or testing equipment are not available. Inputs would be estimated via 
correlations or experience. 
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• Level 3 - the lowest level of prediction. This level might be used for designing low 
volume roads, in which there are minimal consequences of early failure. Inputs are 
based on global or regional values. 
The engineers select the inputs and determine the types and quantities of data needed for 
a reliable design. This process requires a thorough evaluation of all of design parameters 
and a detailed analysis of how the input values will affect the predicted performance. The 
M-E PDG design process therefore demands a huge amount of information from the 
engineers concerning pavement inputs and pavement performance. 
Figure 6 provides a flow chart for the mechanistic-empirical design approach as 
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Figure 6: Flow Chart for Mechanistic-Empirical Design Methodology (6). 
The following lists the major steps in this design methodology for a new flexible 
pavement: 
1. Specify and define the required inputs including traffic, environmental, materials, 
etc. 
2. Select a trial pavement section for analysis. 
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3. Define the properties of materials in the various pavement layers. 
4. Analyze the pavement response due to traffic loading and environmental 
influences. 
5. Empirically relate critical pavement responses to damage and distress for the 
pavement distresses of interest. 
6. Adjust the predicted distresses for the specified design reliability. 
7. Compare the predicted distresses at the end of pavement design life against design 
limits. 
8. If necessary, adjust the trial pavement section and repeat steps 3-7 until all 
predicted distresses are within design limits. 
To implement the above mechanistic-empirical methodology, the following 
corresponding major components are needed: 
• Inputs - traffic, materials, climate and other general values (e.g. design life, latitude, 
longitude and elevation) 
• Pavement response model 
• Environmental response model 
• Material characterization model 
• Performance prediction model 
• Design reliability - to increase the safety of the design 
• Software - to implement the mechanistic-empirical models and calculation in a 
usable form. 
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The M-E PDG "system" has been designed in a modular fashion. This approach 
recognizes that pavement response is a function of three primary influences: 
environmental (climate), traffic, and pavement (materials and thicknesses). The 
mechanistic-empirical process is outlined in Figure 7 (7). 
TRAFFIC 
INPUT 























Figure 7: M-E PDG Outline Process (7). 
The environmental model plays a significant role in the performance of pavement. The 
M-E PDG software provides environmental data sets for specific locations from over 800 
weather stations throughout the U.S., as well as historical records for up to 10 years. This 
model recognizes not only external factors such as temperature, precipitation, freeze-thaw 
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cycles and depth to water table, but also internal factors such as the susceptibility of the 
pavements materials to moisture and frost heaving, drainage ability of the paving layers 
and potential infiltration of the pavements. Temperature and moisture variations within 
the pavement structures and subgrade over the design life of pavement are simulated by 
the Enhanced Integrated Climatic Model (EICM). 
The traffic model inputs are also significant for the analysis and design of pavement 
structures. The mechanistic response model in the M-E PDG requires the magnitudes and 
frequencies of the actual wheel load that the pavement is expected to experience over its 
design life. Typically, state highway agencies collect two categories of traffic data: 
weight-in-motion (WIM) and Automatic Vehicle Classification (AVC). WIM data 
provides information about truck axle weights and gross vehicle weights as they drive 
over a sensor. AVC data provides information about the number and types of vehicles 
that use a given roadway over some period of time. 
The material characterization model is used in the M-E PDG to calculate the stresses, 
strains and deflections in the pavement. Pavement performance is evaluated in the M-E 
PDG by individual empirical distress models, also termed as transfer functions. 
"The transfer function is the empirical part of the distress prediction model that relates 
the critical pavement response parameter, either directly or through the damage concept, 
to pavement distress" (8). 
Empirical models are incorporated in the M-E PDG for the major structural distresses and 
smoothness estimation in flexible pavements. 
Distress prediction equations and transfer functions for flexible pavements and HMA 
overlays are listed in Table 1 (9) (4). 
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Table 1: Distress Prediction Equations and Transfer Functions (9) (4), 
Distress Type Equations Terms 
Fatigue Cracking 3 9492 
N = 0.00432 X / c l C ( - ) ( - ) 
1.281 
NF=Number of 
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2.1.3 AASHTO vs. M-E PDG Design Guide 
Table 2 shows some major differences between the old AASHTO pavement design 
guides and the M-E PDG design. 
Table 2: AASHTO versus M-E PDG Design. 
AASHTO Design 
Predicts AC thickness 
Northern Illinois (wet-freeze climate) 
based 
One subgrade type (A-6 silty sand) 
Uses equivalent single axle load (ESAL) 
Uses Structural Number (SN) for flexible 
pavements 
AASHO Road Test database 
M-E PDG Design 
Predicts pavement performance 
Uses more than 800 weather stations 
Project specific subgrade type 
Individual Axle type and actual loading per axle 
HMA specific characteristics 
LTPP and NCDC databases 
2.2 Critical Input Parameters 
The M-E PDG is used to calculate all the pavement responses and to predict the resulting 
distresses but the program requires a large number of design inputs. Many of these inputs 
are more sophisticated than those currently being collected by the state highway agencies 
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(SHA). Some design inputs are more critical for the prediction of pavement distresses 
than others. Knowing the critical inputs necessary for the design process will definitely 
reduce SHA's overall cost and minimize the required resources. 
This section provides an example of critical input parameters based on research 
conducted by different states highway agencies, with the focus on flexible pavements (3). 
Traffic Inputs 
The M-E PDG uses axle load spectra data, which includes collecting following traffic-
related inputs: 
a) Initial two-way Annual Average Daily Truck Traffic (AADTT) 
b) Number of lanes in design direction (%) 
c) Percent of trucks in design line (%) 
d) Operational speed (mph) 
Traffic volume adjustments: 
a) Monthly adjustment by vehicle class specification 
b) Vehicle class distribution 
c) Hourly distribution 
d) Traffic growth factor 
Axle load distribution factor: 
a) Level 1: site specific 
b) Level 2: regional (not used in the M-E PDG version 1.1) 
c) Level 3: default 
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General Traffic Inputs: 
a) Mean wheel location 
b) Traffic wander standard deviation 
c) Design lane width (ft) 
d) Number of axles per truck, axle configuration and wheelbase 
Climatic Inputs 
Within the M-E PDG, the Enhanced Integrated Climatic Model (EICM) handles the 
input, collection, characterization and analysis of environmental and material properties 
which determine the stiffness or modulus of unbound materials (10). This stiffness 
significantly influences the pavement distresses predicted by M-E PDG. The following 
are climatic-related inputs: 
General Information: 
a) Base/subgrade construction completion dates 
b) Existing pavement construction date (required for overlay design) 
c) Pavement construction date (required for new and overlay design) 
d) Date when the pavement will be opened to traffic 
Weather-related information: 
a) Hourly values for past air temperatures, precipitation, wind speed, percentage 
sunshine, relative humidity, etc. This information is available from over 800 weather 
stations throughout the U.S. 
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Ground water table depth: 
a) At level 1 could be determined from borings. 
b) At the level 2 and 3 could be determined from local wells or county soil reports. 
Drainage and surface properties: 
a) Water infiltration potential of the drainage path length, pavement slope, etc. 
Pavement Structure Materials: 
a) Layer thicknesses. 
b) Material properties such as surface shortwave absorptivity, thermal conductivity (K), 
and heat or thermal capacity (Q). 
Material Inputs 
Materials are divided into two groups: asphalt concrete inputs and unbound materials. 
Figure 8 describes M-E PDG pavement layer structure. 
- H Structure 
B HMA Design Properties 
- I Layers 
I Layer 1 - Asphalt concrete 
§3 Layer 2 - Asphalt concrete 
I Layer 3 - Crushed stone 
I Layer4-A-l-b 
HI Thermal Cracking 
Figure 8: M-E PDG Pavement Layer Structure. 
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Asphalt concrete inputs Level 3: 
a) Asphalt mix parameters - layer thickness, aggregate gradation 
b) AC binder parameters - binder grade 
c) Asphalt general parameters - reference temperature (70 °F), Poisson's ratio, 
volumetric properties (air voids %, effective binder content %, total unit weight -
pcf), thermal properties). 
Asphalt concrete inputs Level 2: 
a) Asphalt mix - same as Level 3 inputs 
b) Asphalt binder - requires the complex shear modulus (G*), and the phase angle (8) 
values and testing temperatures 
Unbound material inputs: 
a) Layer type - typical resilient modulus (MR) value for Level 3 obtained from national 
averages, and Level 2 from laboratory test or a state specific value (AASHTO or 
Unified Classifications). Level 1 - when active, will incorporate k|, k2, k3 values from 
universal model. 
b) Layer thickness 
c) Poisson's ratio 
d) Material properties - level 2 options: resilient modulus, CBR value, R-value, layer 
coefficient, penetration (DCP) or based upon plasticity index and grading. 
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2.3 Findings from Completed Research Activities on M-E PDG 
Implementation 
This section presents some activities, conclusions and results on the M-E PDG topics 
conducted by researchers in other states: Indiana (10), Ohio (11), and South Dakota (12). 
2.3.1 Implementing the M-E PDG for Cost Savings in Indiana 
The implementation of the new pavement design methodology is a huge task for the state 
Departments of Transportation (DOT). Indiana DOT's experience is a good example of 
how to handle this difficult and time consuming task (11). Implementation of the M-E 
PDG design process demands knowledge about pavement design inputs and pavement 
performance. This task was completed by interactions among the highway agency 
personnel who work in traffic, material, geotechnical areas and pavement structures to 
identify the proper parameters for the design (11). To ensure successful outcome of the 
analysis and design process, the team of engineers had sufficient knowledge in pavement 
engineering. The implementation process was coordinated with other agencies such as 
Federal Highway of Administration (FHWA), state pavement associations and contractor 
associations. FHWA must approve all projects supported by government funds and the 
contractor association members actually build the pavements. 
The full M-E PDG implementation in Indiana began on January 1, 2009, although initial 
implementation efforts started seven years earlier, in 2002. Indiana DOT coordinates all 
implementation activities with agency pavement design engineers, FHWA, pavement 
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association and contractor associations. There were regular monthly meetings, where 
implementation issues were discussed and approved for the next steps in the process. 
Training sessions were initiated throughout the entire implementation process for all 
involved parties. 
In 2009, Indiana DOT's engineers and consultants designed over 100 pavement sections 
using the M-E PDG procedure. All the new M-E PDG design pavement thicknesses were 
documented and compared to the thicknesses estimated according to the 1993 AASHTO 
design. They provided profit calculations based on the material, labor cost and time 
savings. Savings resulted from more efficient M-E PDG design which also reduced 
thickness of the pavement; most pavements were reduced by 2 inches. Significant 
savings of material, labor cost and time were realized. 
Summarizing Indiana DOT's experience, the implementation of the M-E PDG results in 
more efficient pavement designs, that can be built at a lower cost as shown in Table 3 
(11). 



























2.3.2 M-E PDG Sensitivity Analysis Results for New HMA in Ohio 
In Ohio, M-E PDG research mainly focused on the characterization of paving materials 
utilized in that state. In this study (12), the basic HMA properties such as air voids %, 
effective binder content and total unit weight were obtained from job mix formulas (JMF) 
for level 3 design. A very limited amount of effort has been expended on traffic related 
studies under Ohio Department of Transportation's (ODOT) research program. ODOT 
typically collects three categories of traffic data: weight-in-motion (WIM), automatic 
vehicle classification (AVC) and traffic volume, however most of this information has 
not been analyzed for M-E PDG purposes. The following observations were obtained 
from the research and from sensitivity analysis: 
• Longitudinal cracking was mostly affected by thickness of the HMA layer alone, and 
was caused mostly by poor construction methods. The subgrade and base stiffness did 
not influence the longitudinal cracking. 
• Transverse (thermal) cracking was highly affected by climate, volumetric binder 
content and base type. HMA thickness had a moderate influence with thicker asphalt 
pavements showing lower thermal cracking predictions. 
• Alligator cracking was significantly affected by HMA thickness and asphalt binder 
content. Higher thicknesses and higher asphalt contents lead to lower predicted 
alligator cracking. Also the base type had a major impact on the alligator cracking. 
Percentage of heavy trucks (class 9 or greater), subgrade type and climate affected 
alligator cracking moderately. 
• Total rutting (includes HMA layers, base and subgrade) as expected, was affected 
mostly by the percentage of heavy trucks. Other significant factors affecting total 
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rutting were HMA thicknesses (the higher the pavement thickness, lower the rutting), 
binder content (the higher the content, higher the rutting), and base type (asphalt 
treated based showing lesser rutting). Moderate impacts on the predicted ratting were 
observed with the air voids content (higher air voids leading to increasing rutting), 
climate and subgrade type. 
• Smoothness IRI (Ride Quality) was mostly affected by pavement thickness (thicker 
pavements exhibited lower IRI). Base and subgrade stiffnesses had a moderate effect 
on IRI (sections with stiffer layers having more beneficial IRI). 
2.3.3 M-E PDG Sensitivity Analysis Results in South Dakota 
The pavement performance for the sensitivity analysis in South Dakota (13) was 
expressed using the following performance indicators: 
• Top-down fatigue (longitudinal) cracking, 
• Bottom-up fatigue (alligator) cracking, 
• AC rutting, 
• Total rutting, 
• Smoothness (IRI). 
The transverse cracking performance predictions were omitted due to the M-E PDG 
version 1.1 software having specific shortcomings (transverse cracking values equal to 
"0"). 
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Before conducting any runs for M-E PDG sensitivity analysis the South Dakota DOT 
Technical Panel (13) needed to determine: 
• Fixed variables and their levels, 
• Determine which inputs needed to be investigated, 
• Input value ranges were to represent typical South Dakota conditions. 
The newly designed rural AC pavement was evaluated based on 56 M-E PDG software 
simulations. The parameters in Table 4 are placed in decreasing order of their 
significance for each investigated performance indicator. 












Critical input Variables 
» AC layer thickness 
» Initial 2-way AADTT 
» Base resilient modulus 
» AC binder grade 
» Initial 2-way AADTT 
» AC binder grade 
» AC layer thickness 
» Base resilient modulus 
» Initial 2-way AADTT 
» AC layer thickness 
» AC binder grade 
» Location (climate) 
» Initial 2-way AADTT 
» AC layer thickness 
» Subgrade resilient modulus 
• Depth of water table 
• AC binder grade 
• Base resilient modulus 
» Bottom-up fatigue (alligator) cracking 
» Total permanent deformation (rutting) 
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In the overall ranking, it was observed that the initial 2-way AADTT variable had the 
largest performance affect on all of the pavement distress types for the new HMA design, 
follow by: AC layer thickness, AC binder grade, base resilient modulus, and subgrade 
resilient modulus. 
The smoothness indicator (IRI) was predicted as a function of the initial (as-constructed) 
IRI and the predicted longitudinal cracking, alligator cracking and total rutting. Based on 
these correlations the bottom-up fatigue cracking has the largest affect on the pavement 
smoothness in South Dakota. 
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Chapter 3: Research Methodology 
This section describes in detail the tasks performed in order to accomplish the objectives 
of this research, namely, to identify required inputs for Level 3 and Level 2 and conduct 
sensitivity analyses with M-E PDG software for Vermont, New York and Massachusetts. 
The state-specific inputs were varied for typical ranges used in New England or were 
ranges obtained from the LTPP database. The sensitivity analysis was performed using 
state-specific input parameters chosen in accordance to state pavement design 
procedures, theoretical knowledge of flexible pavements, and engineering experience. 
The research methodology consists of three parts: 
1. Data collection 
2. M-E PDG sensitivity analysis 
3. Predicted distresses data compilation 
3.1 Data Collection 
Input values for all M-E PDG runs were collected from the LTPP road sections (14). 
Vermont has two LTPP sections, one located in Addison County and the second in Grand 
Isle County. For sensitivity analysis, the first section was selected based on higher traffic 
values, thinner structural layers and central location. New York has only one LTPP road 
section located in the central part of the state in Onondaga County. The road layer 
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structure was obtained from the LTPP section. No other sources of information were 
available and the research was completed based on current findings. Massachusetts has 
three LTPP road section locations: in the western part of the state (Hampden County), in 
the central part of the state (Norfolk County), and in the south eastern part of the state 
(Bristol County). Bristol County was selected for the M-E PDG sensitivity analysis based 
on traffic, road structure and available data. 
The following information was collected for each state: 
• General information such as construction dates for pavement, base, subbase and 
subgrade based on the state's seasonal paving periods. 
• Climatic information and ground water table depths based on the closest weather 
station and local well records. 
• Asphalt mix design specifications - based on currently adopted procedures and 
specifications. 
• Unbound material (base, subbase) characteristics - state specifications or the State 
Soil Survey Geographic database (STATSG02) for subgrade information (15). 
Figure 9 shows typical road structures (layer thickness and material type) used for the M-
E PDG sensitivity analysis in selected states. 
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Vermont New York Massachusetts 
Granular Base Layer 25.8" 
«^|SfidS^¥fcd!e:r8i6« * 
Granular Base Layer 15.1" 
U .^"J" 
*^% 
Aspftaff Concrete Binder 8.2" 
Granular Base tayer 25.5" 
Figure 9: Pavement Structures Used for Sensitivity Analysis. 
3.2 Tolerances and Determination of Material Properties 
The research objectives for this project only require level 3 and level 2 approaches for 
determining design inputs. Level 3 requires the designers to estimate the most appropriate 
design value of the material property based on experience and with little or no testing. 
For level 3 analysis, the M-E PDG software contains major material types and their 
default values based on national calibration. In contrast, level 2 inputs are estimated 
through correlations with other material properties that are commonly measured in the 
field or laboratory. 
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All three states selected for this research are using the Superpave specification for asphalt 
binder and asphalt mixture grading requirements (16) (17). The tolerances for unbound 
materials were selected from the state agency specifications available online. Table 5 
presents the HMA mix grading ranges and Table 6 presents the tolerances from target 
grading of percentage by weight of material retained on sieves in accordance with 
Superpave specification. 
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The percentage of air voids for the analysis is 4% with a tolerance of ± 1%. For new 
HMA mixtures, the mid-range value or value from previous construction records for a 
particular type of HMA mixture needs to be used. For existing HMA layers, the air voids 
value can be obtained from pavement cores. Other asphalt properties, such as effective 
asphalt content, voids in mineral aggregate (VMA) or voids filled with asphalt (VFA) if 
unavailable, could also be obtained from pavement cores (9). 
Base and subgrade resilient modulus values could also be characterized using the 
hierarchical approach. Appendix D contains typical resilient modulus (MR) values for 
level 3 designs, which are national averages for a given type of soil or base material. 
Level 2 designs would require the user to choose resilient modulus values based on 
laboratory material testing. The strength of the unbound materials for level 2 inputs could 
be also be selected based on other parameters such as California Bearing Ratio (CBR), R-
value, layer coefficient, dynamic cone penetration (DCP) or calculated from plasticity 
index or grading. Table 7 presents sieve size characteristics of unbound materials used for 
bases and subbases in accordance with the ASTM D 2940 specification. 
Table 7: ASTM D 2940 Grading for Dense-Graded Bases and Subbases. 
Sieve Size 
2 in. (50 mm) 
r/2 in. (37.5 mm) 
3/4 in. (19.0 mm) 
Vi in. (9.5 mm) 
No. 4 (4.75 mm) 
No. 30 (0.600 mm) 
No. 200 (0.075 mm) 
Percent Passing 
100 
95 - 100 
7 0 - 9 2 
5 0 - 7 0 
3 5 - 5 5 
12-25 
0 - 8 
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Performance binder grade selections were specified based on state specifications, 
information obtained from the agency, or current Hot Mix Asphalt (HMA) suppliers. 
Level 2 design requires the complex shear modulus (G*) and the phase angle (5) values 
from laboratory asphalt testing. Table 8 provides the example of binder selections for 
Vermont based on design ESAL's and average traffic speed values (18). 
Table 8: Performance Graded Binder Selection Table (Ref: Vermont Agency of 








Adjusted PG Binder Grade 




















Five binder grades for New York have been chosen based on the state DOT website and 
the NYS DOT Comprehensive Pavement Design Manual and Revision for the selected 
locations (Ref: NY Report, Appendix F and G). Massachusetts binder selections were 
obtained from the state HMA suppliers. 
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3.3 Input Values for M-E PDG 
The M-E PDG software predicts the performance of the pavement during its service life 
based on a large amount of input values which need to be specified by the designer. 
Before choosing input values for the project, the designer should first decide on the "trial 
design", which is a reference file for a future sensitivity analysis. Data for the "trial 
design" may be selected based on existing pavement structure, material properties, 
monitored performance, a design catalog, or may be created solely by the design 
engineer. The "trial design" pavement predictions are then examined by the designer to 
achieve satisfactory results. Unacceptable design outputs are revised and re-run until all 
performance criteria are met. The following subsections provide characteristics of design 
inputs used for this research, and Figures 10, 11 and 12 present the input summaries for 
each state. 
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VERMONT M-E PDG Inputs 
Level 3 and Level 2 
Track Traffic Volume 
(AADTT) 
Q l - 704 
Q2 = 932 
CV3 = 1S76 




= 1 0 % 
= 2 0 % 
= 3 0 % 
Track Class 
Distribution 
D l LTPP 
D2 Low Class 






= 5 mph 
25 mph 
55 mph 
Climate Inputs Material Inputs 
Bennington - 87 months 
Interpolated Data - 3 stations 
North Adams MA 
Albany NV 
Pittsfield MA 
Barre/Montpelter- 116 months 




Burltngton - 1 1 6 months 








= 2 ft 
= 5 f t 







= 7 0 
= 8 5 
10 0 
Number of HMA 
Layers = 2 
AC Surface = 3 
AC Binder^ 5 5 
HMA Mix Gradation 
A l A2 A3 = 9 5 mm 
Bl B2 B3 = 19 0 mm 
PG Binder Grade 
G1 = PG58 34 
G2 = 58 28 






- 9 5 % 
11 5 % 
13 S% 




= 4 0 % 
= 5 0 % 
= 6 0 % 
CTC {Coefficient of 
Thermal 
Contraction) 
N1 = 1 0 E 0 5 
N2 = 1 3 E 0 5 
N3 = 2 0 E 0 5 
Surface Short 
Wave Absorptivity 






M l = 29600 (25000) \— 
M2 = 24370 (30000) 
M3 = 33500 
Subgrade Resilient 
Modulus 
El = 8000 (11500) (—I 
E2 = 32000(21500) 
E3 = 4 0 0 0 0 (29500) 
Parentheses contain Level 2 values 
Figure 10: Vermont M-E PDG Inputs Level 3 and Level 2. 
39 
New York M-E PDG Inputs 
Level 3 
Traffic Inputs 
Track Traffic Volume 
(AADTT) 
Ql - 4192 
Q2 - 6154 
Q3 - 7161 
Traffic Growth Rate 
R l - 1 0 % 
R2 = 2 0 % 
R3 - 3 0 % 
Track Class 
Distribution 
D l - Low Class 









Climate Inputs Material Inputs 
Buffalo, N V - 1 1 6 months 
Interpolated Data - 3 stations 
Niagara Falls NY 
Dunkirk NY 
Rochester NY 
Albany, NY - 116 months 
Interpolated Data - 3 stations 
Bennington VT 
North Adams MA 
Plttsfield MA 
_ J 
Massena N Y - 6 6 months 




Poughkeepsie, NY - 66 months 
Interpolated Data - 3 stations 
Montgomery NY 
Dan bury CT 
White Plains NY 
Syracuse, NY - 116 months 








T l - 8 0 
T 2 - 9 8 
T3 - 110 
Number of HMA 
Layers 2 
AC Surface - 1 2 
AC Binder- 8 6 
HMA Mix Gradation 
A l A2 A 3 - 9 5 mm 
Bl B2 B3 - 19 0 mm 
PG Binder Grade 
Gl - PG 58 34 
G2 - PG 64 28 
G3 - PG 64 22 
G4 - PG 70 22 
G5 - PG 76 22 
Water Table Depth 
W T l - 3 f t 
WT2 6 f t 
WT3 = 10 ft 
WT4 - 1 ft 
Effective Binder 
Content 
Fl 9 0 % 
F2 1 1 0 % 
F3 - 13 0 % 




= 3 0 % 
- 4 0 % 
- 5 5 % 
CTC (Coefficient of 
Thermal 
Contraction) 
N l - 1 0 E 0 7 
N 2 - 1 3EG5 

















El - 8000 
E2 - 25000 
E3 - 30000 
Figure 11: New York M-E PDG Inputs Level 3. 
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Massachusetts M-E PDG 
Inputs Level 3 
-J Traffic Inputs 
Track Traffic Volume 
(AADTT) 
Q l - 3675 
Q2 = 4080 
Q3 = 1819 
i 
Traffic Growth Rate 
Rl = 1 0 % 
R2 - 2 0 % 




D2 - Low Class 
D3 -H igh Class 










-Climate Inputs Material Inputs 
New Bedford, MA - 116 months 




Boston, MA - 116 months 




Westfield/Sprmgfield, MA - 91 
months 




Worcester, M A - 116 months 




Water Table Depth 
VVT1 - 2 ft 
WT2 = 4 ft 
WT3 = 6 ft 
Asphalt 
Material Inputs 
| HMA Thickness 
T l = 
1 T 2 ~ 1




Number of HMA 
Layers = 2 
AC Surface- 1 4 
AC B i n d e r - 8 2 
I HMA Mix Gradation 
- A l A2 A3 =9 5 mm 
Bl B2 B3 - 19 0 mm 
1 
PG Binder Grade 
Gl - PG 52 34 
G2 - PG 64 22 
G3 = PG 64 28 
Effective Binder 
Content 
Fl = 9 0 % 
F2 - 11 0 % 
F3 - 13 0 % 
Percent Air Voids 
V I - 4 0 % 
V2 = 5 0 % 
V3 = 6 0 % 
CTC (Coefficient of 
Thermal 
Contraction) 
N1 = 1 0 E 0 7 
N2 = l 3 E 0 5 









M l = 25000 
M2 - 30000 
M3 - 15000 
Subgrade Resilient 
Modulus 
El - 8000 
E2 - 25000 
E3 - 30000 
Figure 12: Massachusetts M-E PDG Inputs Level 3. 
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3.3.1 General Inputs 
The M-E PDG software requires that the designer specify certain general project 
information such as pavement design life, base, subgrade and pavement construction 
dates, and the traffic opening date. The software will calculate predicted pavement 
distresses according to a reliability value which is selected by the user depending on the 
importance of the project and road functional classification. The reliability is the 
probability that the pavement will not achieve specific performance criteria over the 
design period. 
The default reliability value used for the M-E PDG sensitivity analysis was 90%. 
Recommended reliability values for different roadway functional classifications are 
presented in Table 9 (8). 
Table 9: Levels of Reliability for Different Functional Classifications of the 
















Table 10 presents the default failure limits for performance criteria which have been used 
to perform this research. 
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Table 10: Performance Criteria for Flexible Pavements - Failure Limits. 
Performance Criteria 
Terminal IRI (inches/mile) 
AC Surface Down (Longitudinal) Cracking (feet/mile) 
AC Bottom-Up (Fatigue) Cracking (% area of lane) 
AC Thermal Fracture - Crack Length (feet/mi) 
Permanent Deformation -Total Pavement (inches) 








3.3.2 Traffic Inputs 
The M-E PDG requires the initial 2-way average annual daily track traffic (AADTT) 
value. This value can be calculated by using the software calculator and providing the 
average annual daily traffic (AADT) and the percentage of heavy trucks (class 4 or higher 
- FHWA/AASHTO Vehicle Classification). These two values can be estimated from the 
specific DOT traffic count websites or from the LTPP road sections. 
Truck Class Distribution values were obtained from the LTPP monitored traffic stations, 
state WIM stations, default M-E PDG values and from Iowa DOT research studies with 
similar road classifications (19). Track class selections (class 4 to 13) were specified 
based on the FHWA vehicle classification and the M-E PDG requirement. 
Table 11 presents four cases of track class distribution investigated for the Massachusetts 
sensitivity analysis. 
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*Based on Sensitivity Study of Design Input Parameters for Flexible Pavement Systems using M-E PDG in Iowa DOT, 
2004 
Tables 12 and 13 present track class distribution summaries for Vermont and New York. 




























































*Based on Sensitivity Study of Design Input Parameters for Flexible Pavement Systems using M-E PDG in Iowa DOT, 
2004 


























































* - no LTPP Truck Class Distribution data 
**- Based on Sensitivity Study of Design Input Parameters for Flexible Pavement Systems using M-E PDG in Iowa 
DOT, 2004 
Traffic operational speed depends on the road functional classification and varies from 55 
mph in Vermont's Rt. 7 (Functional Class 2), to 65 mph in Massachusetts' 1-195 
(Functional Class 11). Traffic operational speed for this research was analyzed in 
conjunction with different binder grades to observe the effects of slow and fast moving 
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traffic. Three operational speeds were selected for the analysis: 5 mph, 25 mph and 65 
mph (with the exception of Vermont at 55 mph). 
Level 3 and 2 sensitivity analysis allows the use of many default values for traffic inputs 
such as the monthly adjustment factors, hourly distribution, and axle load distribution 
factors. 
3.3.3 Climatic Inputs 
Climate inputs needed by the M-E PDG are available from over 800 weather stations 
embedded in this software. Multiple weather stations were selected for each state to 
provide climatic information for pavement design locations. The user may select only one 
weather station to obtain the data if the project is located less than 50 miles from the 
station. If it is located more than 50 miles, the user should select and interpolate climatic 
data from 2 to 6 surrounding weather stations. The weather stations selected to create the 
virtual weather station should have similar elevations (8). Multiple weather stations are 
recommended because of the possibility of missing data and errors in the database for a 
single station. The state specific project locations and selected weather stations are 
presented in details in the attached Appendixes A, B and C. As an example, Table 14 
presents the virtual weather station interpolation results for a New Bedford, MA project. 
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The water table depth is another climate input parameter that needs to be specified by the 
user. This input value affects pavement distresses such as fatigue cracking, total rutting 
and roughness of the pavement (IRI). Water table depths greater than 10 feet below the 
planned surface elevation have minimal affect on the pavement distress predictions. The 
current data for water table depths were obtained from the USGS website (20). 
3.3.4 Asphalt Material Inputs 
The asphalt layer thicknesses and grading were obtained from the LTPP database and the 
DOT's websites. The HMA mix grading was selected within the Superpave specification 
limits. Table 15 presents the HMA mix grading input values for the surface (9.5 mm) 
and the binder (19.0 mm) for all states. 
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Table 15: HMA Mix Grading Input Values. 
% of Aggregate 
Retained on 3/4" 
sieve 
Retained on 3/8" 
sieve 




































The mean aggregate mix values are used as the inputs for a control file in the M-E PDG 
sensitivity analysis. 
The specific binder grade varies between states and they are listed in Table 16. 






PG 58-34, PG 58-28, PG 64-28 
PG 58-34, PG 64-28, PG 64-22, PG 70-22, PG 76-22 
PG 52-34, PG 64-22, PG 64-28 
The mix coefficient of thermal contraction (CTC) default value of 1.3 E-05 (in/in/°F) was 
used for Level 3 and Level 2 sensitivity analysis in all states. This is the coefficient of 
thermal contraction of the AC mix, and is expressed as the change in length per unit 
length for unit decrease in temperature. The typical values range from 2.2 to 3.4 /°C. 
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3.3.5 Base and Subgrade Material Inputs 
The unbound materials used in this research were based on the findings from another 
research project conducted for the New England states (21), as well as on the State Soil 
Geographic database (15). As an example, Table 17 presents the selected subgrade 
material types and resilient modulus values for level 2 and 3 sensitivity analysis in 
Vermont. 







Fine sand, some silt 
Coarse to fine 
gravelly, coarse to 

















The base layer material characteristics for the analysis were obtained from the DOT web 
sites, or when unavailable, the M-E PDG default values were selected. The State Final 
Reports (Appendix A, B and C) contain base layer input values for VT, NY and MA. The 
subgrade type resilient modulus range for level 2 is much smaller than level's 3 
sensitivity analysis, giving more conservative approach for this research. Usually level 3 
inputs should be lower than level's 2, as this level is less certain. 
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Chapter 4: Data Analysis, Results and Discussion 
The results of the M-E PDG software runs for the evaluated input parameters provided 
numerous charts and tables. The results of all software runs are presented in separate state 
reports (Appendix A, B, and C). This chapter presents the general conclusions and 
discussion for all data. 
4.1 Normalization of Distresses 
Normalization of the distresses was done to compare the effects of each input parameter 
on predicted distresses. This method of normalization is based on the variability of 
distresses about the control. The normalized value describes how the specific distress 
varies about the control value. For a significant variable the normalized value is higher 
than for an insignificant value. 
The normalized distress levels are calculated as the ratio of the difference between the 
maximum and minimum predicted distresses for each input variable to the distress levels 
corresponding to the control set of input values. The normalized values in this research 
were used to determine the significance of the input variables on the predicted pavement 
distress. Equation 1 presents the calculation method. 
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Equation 1: Normalized Value Parameter 
N = 
Maximum Distress — Minimum Distress 
Distress for control input set 
N = normalized value 
As an example, two variables were observed to determine the normalized values for 
fatigue (top-down) cracking, one with a significant influence on the predicted pavement 
distress, and the other one with a minimal impact. Tables 18 and 19 present the predicted 
pavement distress values for HMA thickness, and HMA effective binder content 
variables in Massachusetts. Equations 2 and 3 present the calculations and results. 
































Equation 2: Normalized Value Calculation for Top-Down Cracking and HMA 
Thickness. 
1367.91-347.56 
N = —— = 1.465 
696.46 
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Equation 3: Normalized Value Calculation for Top-Down Cracking and HMA 
Effective Binder Content. 
735.86-663.95 
N
 = ZoTTT = ° - 1 0 3 
696.46 
4.2 M-E PDG Sensitivity Analysis Results by State 
The tables and graphs presented below are results of sensitivity analysis studies prepared 
for VT, NY and MA. This research investigated the effect of selected input variables (15 
variables) on five predicted pavement distresses: 
1. Longitudinal (top-down) cracking, ft/mi 
2. Alligator (bottom-up) cracking, % area of lane 
3. Asphalt concrete (AC) rutting, in 
4. Total rutting, in 
5. Smoothness IRI, in/mi. 
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The transverse cracking pavement distresses were not investigated in this research due to 
a M-E PDG software shortcoming that predicted no cracking (transverse cracking values 
equal to "0"). Individual state analyses are discussed in the next three sections, followed 
by the general discussion on the impact of various inputs. 
4.2.1 Vermont sensitivity analysis results 
The M-E PDG analysis in Vermont was performed for two hierarchical levels: Level 3 
and 2. 
Data presented in Tables 20 - 24 and Figures 13-22 show sensitivity analysis results for 
Vermont Level 3 and 2. 
VT Level 3 results 
Table 20 presents normalized value results for the Vermont Level 3 sensitivity analysis. 
Based on their ranks, Table 21 shows the six most significant input variables in 
decreasing order of significance for the Vermont Level 3 sensitivity analysis. Figures 13 
to 17 present significance of effect of each variable on the predicted pavement distress 
based on the normalized value. 
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Table 20: Normalized Values and Ranks for Vermont Level 3. 





H M A air voids 
H M A effective 
binder content 











































































































































































































































































The "zero" value on the graph indicates, there is no impact of an input on a predicted 
pavement distress. Figures 13 through 16 show the initial IRI input which has no impact 
on the predicted pavement distresses such as bottom-up cracking, top-down cracking, AC 
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HMA thickness 
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Normalized Values 
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Figure 15: VT Level 3 Significance of Effect of Input Variables on AC Rutting. 
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WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 
HMA mix gradation 
HMA thickness 
0.1 0.2 0.3 0.4 0.5 
Normalized Values 
0.6 0.7 
Figure 17: VT Level 3 Significance of Effect of Input Variables on IRI. 
HMA thickness had a significant effect on both fatigue cracking distresses (bottom-up 
and top-down). Both of these distresses increased with the decrease of HMA thickness 
layer. Longitudinal (top-down) cracking was greatly affected, when the HMA layer 
thickness was reduced to 7.0". In this example, the failure in pavement compared to the 
design limit, which occurred after 18 years of service life (Appendix A, Figure 51 A). The 
trends observed were reasonable for total rutting and IRI, with the highest distress/IRI for 
the thinner HMA (Appendix A, Figures 53 A and 54A) (Table 21). 
Traffic composition (i.e., operational speed, AADTT, and vehicle class distribution) are 
expected to influence the extent of pavement condition deterioration. Based on the 
literature review, pavement deterioration is significantly increased as the traffic 
composition is dominated by heavier trucks and axle loads. In Vermont, the AADTT 
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value for the selected LTPP road section has a moderate rate of 10.35%. With the 
operational speed of 55 mph and the LTPP track distribution, the traffic composition 
impact was greatest on AC rutting and total rutting (Figures 15 and 16), and a moderate 
effect on fatigue (bottom-up) alligator cracking (Figure 13). Operational speed had a 
significant effect on both rutting pavement distresses, with the highest distresses for the 
lower speed value (Appendix A, Figures 70A to 84A). 
The effect of subgrade type on pavement performance was determined by comparing 
distress and IRI over time with subgrade types (Appendix D - AASHTO Classification). 
Three soil types were chosen (A-l-a, A-2-4, and A-7-6) along with typical default inputs 
recommended for use in the M-E PDG and shown in Appendix A, Table 32A. Figures 
90A, 93 A, and 94A (Appendix A) present the effect of subgrade soil type on predicted 
distresses and roughness. In general, the lower the subgrade type/modulus the higher 
alligator fatigue cracking, rutting and IRI. 
Changes in HMA parameters such as air voids or effective binder content were expected 
to have an effect on pavement distresses. Based on this research, an increase of air void 
content in the HMA layer results in a large increase in fatigue alligator and longitudinal 
cracking (Appendix A Figures 45A and 46A). There were no observed effects on the 
remaining pavement distresses and IRI with changes in air voids (Appendix A Figures 
47A through 49A). The moderate effect of change in the effective binder content was 
only observed for fatigue alligator (bottom-up) cracking and longitudinal (top-down) 
cracking (Appendix A Figure 40A through 44A). In general, the increase of binder 
content reduces alligator and longitudinal cracking and increases rutting (AC and total). 
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There is no impact of change in the effective binder content to the pavement roughness 
IRI. 
The effect of climate on the predicted distress and IRI was determined by selecting three 
representative weather stations for Vermont and three ground water table depths (2 ft, 5 
ft, and 8 ft), and using the representative data to simulate climate condition across the 
state Appendix A Figures 30A through 39A). Table 21 presents the moderate effect of 
climate change only for AC rutting. In general, higher pavement distresses were observed 
in the southern part of the state due to warmer temperatures (Appendix A Figures 30A 
through 33 A). The effect of ground water table level change was insignificant for all of 
the predicted pavement distresses. The ground water table effect is not reasonable to the 
current pavement design knowledge, and it needs to be reevaluated with the new M-E 
PDG version. 
The moderate effect of HMA mix grading was observed mostly for AC rutting and total 
rutting (Table 21). In general, the coarse aggregates used for the production of HMA 
pavements, exhibited a higher level of all pavement distresses and IRI (Appendix A 
Figures 65A through 69A). 
The effect of a binder grade selection was observed on AC rutting pavement distress. The 
binder grade selection is presented in Appendix A Table 26A, and the effects on the 
predicted pavement performance in Figures 70A through 84A (Appendix A). It was 
observed, that the lower HMA binder grades (PG 58) exhibited a higher level of all 
distresses and IRI, when compared to the higher binder grades (PG 64). 
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Table 22 presents Vermont's overall ranking summary of the significance of each input 
parameter on the performance of flexible pavement. This ranking method finds the most 
significant variables which impact the predictions of pavement distresses in the state. 
This method is very subjective and depends on the variables chosen by the researcher. In 
this example, based on the total ranking points (smaller numbers affected more), the 
following variables have a significant impact on pavement distress prediction in 
Vermont: 
1. Operational speed 
2. AADTT value 
3. HMA thickness 
4. Subgrade type/modulus 
5. Traffic distribution 
6. HMA mix grading 
7. HMA binder grade. 
In the above overall order of significance ranking, the high position of vehicle operational 
speed is surprising. This research did not investigate how realistic the ranking of vehicle 
speed is as a variable for pavement performance predictions. It is up to the state agency to 
decide if a change of vehicle speed and its range could really affect the pavement 
performance. 
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Table 22: VT Ranking Summary of Significance of Each Input Parameter on the Performance of Flexible Pavement 
VERMONT LEVEL 3 
Input Variable 
HMA thickness 
HMA mix gradation 
HMA air voids 
HMA effective 
binder content 
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VT Level 2 results 
For VT Level 2 sensitivity analysis, only 10 input variables were selected. As a new 
variable, mix coefficient of thermal contraction (CTC) was added to the level 2 
sensitivity analysis. 
Table 23 presents normalized values and their ranks for Level 2 sensitivity analysis in 
VT. 
Table 24 presents top five significant ranks of input variables for VT Level 2 sensitivity 
analysis. Variables are presented in decreasing order for each investigated performance 
indicator. Figures 18 to 22 present significance of effect of each variable on the predicted 
pavement distress based on the normalized value ranks from Table 23. 
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Table 23: Normalized Values and Ranks for Vermont Level 2. 
VERMONT LEVEL 2 
Input Variable 
HMA air voids 


































































































































































































The "zero" value on the graph indicates, there is no impact of an input on a predicted 
pavement distress. As an example, Figures 18 through 21 present the initial IRI and the 
HMA CTC inputs which have no impact on the predicted pavement distresses such as: 
bottom-up cracking, top-down cracking, AC rutting and total rutting. 
The predicted distresses and trends were observed to be similar with Level 3 sensitivity 
analysis, with slightly higher values predicted for Level 2 (Figure 13 through 22). 
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The effect of a new variable (mix coefficient of thermal contraction CTC) in this level of 
sensitivity analysis was insignificant for all of pavement distresses (zero value in Figures 
18 through 21), and had only small effect on the roughness IRI prediction (Figure 22). 








HMA effective binder content 
HMA air voids 
0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140 
Normalized Values 
Figure 18: VT Level 2 Significance of Effect of Input Variables on Bottom-Up 
Cracking. 
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HMA air voids 
0.000 0.200 0.400 0.600 0.800 1.000 
Normalized Values 
1.200 1.400 
Figure 19: VT Level 2 Significance of Effect of Input Variables on Top-Down 
Cracking. 
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Figure 20: VT Level 2 Significance of Effect of Input Variables on AC Rutting. 
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Figure 21: VT Level 2 Significance of Effect of Input Variables on Total Rutting. 
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Figure 22: VT Level 2 Significance of Effect of Input Variables on IRI. 
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4.2.2 New York sensitivity analysis results 
The M-E PDG sensitivity analysis in New York State was performed only for Level 3 
because the NY DOT was not interested in participating in the research in order to 
provide Level 2 input values. Table 26 presents the six most significant input variables 
from the NY State Level 3 sensitivity analysis. The input variables in the table are 
presented in decreasing order of their significance for each investigated performance 
indicator. Figures 23 to 27 present significance of effect of each variable on the predicted 
pavement distress based on the normalized value. The normalized values for New York 
State are presented in Table 25. 
Data presented in Tables 25 - 27 and Figures 23 - 27 showing sensitivity analysis results 
for New York Level 3. 
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Table 25: Normalized Values and Ranks for New York Level 3. 
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The "zero" value on the graph indicates, that there is no impact of an input on a predicted 
pavement distress. As an example, Figures 23 through 26 present the initial IRI and the 
HMA CTC inputs which have no impact on the predicted pavement distresses such as: 
bottom-up cracking, top-down cracking, AC rutting and total rutting. 
In New York, HMA thickness had a significant effect on bottom-up and top down fatigue 
cracking distresses. Both of these increased with the decrease of HMA thickness 
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(Appendix B Figures 57B and 58B). The most significant effect of fatigue top-down 
cracking was especially visible when the HMA layer thickness was reduced to 8.0" 
(Appendix B Figure 58B). In general, all pavement distresses and roughness IRI were 
increased with the decrease of the total HMA thickness (Appendix B Figures 57B 
through 62B). 
Traffic variables such as operational speed, AADTT, and vehicle class distribution had an 
expected influence on the predicted pavement distresses and roughness IRI (Figures 23 
through 27). Operational speed was the most significant variable with a large impact on 
AC rutting and total rutting (Appendix B Figures 26B through 30B). In general, for all 
pavement distresses and roughness IRI, values increased with the decrease of the 
operational speed. For the AADTT and the vehicle class distribution (axle loads) as was 
expected, with the increase of these two variables the predicted pavement distresses and 
IRI increased as well. This study had confirmed this prediction as well (Appendix B 
Figures 3 IB - 35B, and Figures 16B - 20B). 
The effect of binder grade selection was observed in New York State for all types of 
predicted pavement distresses and roughness IRI. The selected binder grades were 
analyzed in conjunction with three different operational speeds. The selected binder 
grades are listed in Table 22B (Appendix B). The significant effect of a selected binder 
grade was observed on fatigue top-down cracking, and both rutting distresses (AC and 
total). The small effect was visible on the fatigue (bottom-up) cracking distress and 
roughness IRI. In both examples, the lower selected pavement grade exhibited a higher 
distress level and a higher roughness IRI value (Appendix B Figures 77B through 9IB). 
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The New York climate had a significant effect on fatigue top-down cracking and AC 
rutting, and moderate effects on total mtting and roughness IRI. The influence of climate 
in NY is very important due to the size of the state, geographic characteristics and local 
temperature variations. In general, higher predicted pavement distresses in southern state 
locations were observed (Appendix B Figures 36B through 39B). The opposite effects of 
binder grades on roughness and thermal cracking were observed in Figures 40B and 41B 
(Appendix B). In those two examples, the state's northern location exhibited a higher 
thermal cracking distress and a higher roughness IRI value. 
Changes in HMA parameters such as air voids (%) or effective binder content (%) were 
expected to have an influence on pavement distresses. This expectation was only 
confirmed for the air voids content and its influence on fatigue bottom-up and top-down 
cracking. Increased HMA air voids content caused a large increase of fatigue alligator 
and longitudinal cracking distresses (Appendix B Figures 52B and 53B). The effective 
binder content variations within the state tolerances did not influence any of the predicted 
pavement distresses or roughness IRI. 
The effect of subgrade type (AASHTO Classification) on performance was determined 
by comparing distress and IRI prediction over time with selected subgrade types 
(Appendix B Figures 97B to 101B). Figure 98B and 99B (Appendix B) showed 
unexpected results for the weaker subgrade type (A-7-6), where there was no influence 
on fatigue (top-down) cracking, and an opposite than expected effect on subtotal rutting. 
In general, the lower the subgrade type/modulus, there could be expected higher 
pavement distresses and IRI. 
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The effect of the mix coefficient of thermal contraction CTC in this level of sensitivity 
analysis was insignificant for all of pavement distresses (zero value in Figures 23 through 
26), and the mix coefficient had only moderate effect on the roughness IRI prediction 
(Figure 27). The increase of the CTC value affected the increase in roughness IRI 
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Figure 27: NY Level 3 Significance of Effect of Input Variables on IRI. 
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Table 27 presents the New York overall ranking summary of significance of each input 
parameter on the performance of flexible pavement. This ranking method finds the most 
significant variables which impact the predictions of pavement distresses in the state. 
This method is very subjective and depends on the variables chosen by the researcher. In 
this example, based on the total ranking points (smaller numbers had a higher effect), the 
following variables have a significant impact on the pavement distress prediction in New 
York: 
1. Operational speed 
2. HMA binder grade 
3. Climate and subgrade type/modulus 
4. HMA thickness 
5. Traffic distribution 
6. AADTT 
In the above overall order of significance ranking the high position of the operational 
speed was surprising. This research did not investigate how realistic ranking of vehicle 
speed is as a variable for pavement performance predictions. It is up to the state agency to 
decide if the change of vehicle speed and its range could really affect the pavement 
performance. 
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Table 27: NY Overall Ranking Summary of Significance of Each Input Parameter on the Performance of Flexible 
Pavement. 
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4.2.3 Massachusetts sensitivity analysis results 
In Massachusetts, only Level 3 sensitivity analysis was performed due to lack of Level 2 
input data. In spite of many requests, the MA DOT did not provide any inputs for this 
level. Table 28 shows all input variables used for the study, as well as their ranks based 
on the normalized values from the final analysis. Table 29 presents the six most 
significant input variables for the Massachusetts Level 3 sensitivity analysis. The input 
variables in the table are presented in decreasing order of significance for each 
investigated performance indicator. Figures 28 to 32 present the significance of effect of 
each variable on the predicted pavement distress based on the normalized value (Table 
26). 
Data presented in Tables 28 - 30 and Figures 28 - 32 showing sensitivity analysis results 
for Massachusetts Level 3. 
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Table 28: Normalized Values and Ranks for Massachusetts Level 3. 
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The "zero" value on the graph indicates that there is no impact of an input on a predicted 
pavement distress. As an example, Figures 28 through 31 present the initial IRI and the 
HMA CTC inputs which have no impact on the predicted pavement distresses such as: 
bottom-up cracking, top-down cracking, AC rutting and total rutting. 
HMA thickness had a significant effect on both fatigue cracking distresses (bottom-up 
and top-down). Both of these pavement predicted distresses increased with the decrease 
of HMA thickness (Appendix C Figures 59C - 60C). The moderate effect of HMA 
thickness was observed for total rutting, and a small effect was observed for AC aitting in 
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Figures 62C and 61C (Appendix C). As was expected for the thinner HMA layers, higher 
pavement distresses and IRI were observed. 
Traffic variables such as operational speed, AADTT, and vehicle class distribution had an 
expected influence on the predicted pavement distresses and roughness IRI (Figures 28 
through 32). Operational speed was the most significant variable with the greatest impact 
on AC rutting and total rutting (Appendix C Figures 29C through 33C). In general, for all 
pavement distresses and roughness IRI, the decrease of the operational speed increased 
distresses and IRI values. For the AADTT and the vehicle class distribution (axle loads), 
as was expected, with the increase of the track traffic and axle load values, the predicted 
pavement distresses and IRI increased as well. This study had confirmed this prediction 
as well (Appendix C Figures 34C - 38C and Figures 19C - 23C). 
The effect of binder grade selection was observed in Massachusetts for all types of 
predicted pavement distresses and roughness IRI. The selected binder grades were 
analyzed in the conjunction with three different operational speeds (5, 25 and 65 mph). 
The selected binder grades are listed in Table 23C (Appendix C). The significant effect of 
a selected binder grade was observed on fatigue top-down cracking, and both of rutting 
distresses (AC and total). The small effect was visible on the fatigue (bottom-up) 
cracking distress and roughness IRI. In both examples, the lower selected pavement grade 
exhibited a higher distress level and a higher roughness IRI value (Appendix C Figures 
79C through 93C). 
Changes in HMA parameters such as air voids (%) or effective binder content (%) were 
expected to have an influence on predicted pavement distresses in Massachusetts. This 
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expectation was only confirmed for the air voids content and its influence on fatigue 
bottom-up and top-down cracking distresses. Increased HMA air voids content caused a 
large increase of fatigue alligator and longitudinal cracking pavement distresses 
(Appendix C Figures 54C and 55C). The effective binder content variations within the 
MA DOT tolerance limits did not influence any of the predicted pavement distresses or 
roughness IRI. 
The Massachusetts climate effects were observed in Figures 39C through 43C (Appendix 
C). Four climatic weather stations and three ground water table levels were selected. The 
influence on a predicted pavement performance was only observed for the weather station 
variables, with moderate effects on AC and total rutting, and on fatigue top-down 
cracking distress. In general, the southern state locations had a higher predicted distress 
level, with the exception of roughness IRI value prediction, whereas the northern parts of 
the state exhibited higher values. The ground water table level variable was insignificant 
for all of the predictions (Table 26). The ground water table effect is not consistent to 
current pavement design knowledge, and it needs to be reevaluated with the new M-E 
PDG version. 
The effect of subgrade type (AASHTO Classification) on performance was determined 
by comparing distress and IRI prediction over time with selected subgrade types 
(Appendix C Figures 99C to 103C). Figure 100C and 101C (Appendix C) showed 
unexpected results for the weaker subgrade type (A-7-6), where there was almost no 
influence on fatigue (top-down) cracking, and an opposite then expected effect on AC 
rutting (a weaker subgrade type effected pavement distress less than a stronger subgrade). 
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In general, the lower the subgrade type/modulus the higher the pavement distresses and 
IRI would be expected. 
The effect of mix coefficient of thermal contraction CTC in this level of sensitivity 
analysis was insignificant for all of pavement distresses (zero value in Figures 28 through 
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Figure 32: MA Level 3 Significance of Effect of Input Variables on IRI. 
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Table 30 presents the Massachusetts overall ranking summary of significance of each 
input parameter on the performance of flexible pavement. This ranking method identifies 
the most significant variables which impact the predictions of pavement distresses in the 
state. This method is very subjective and depends on the variables chosen by the 
researcher. In this example, based on the total ranking points (smaller numbers indicate a 
greater effect), the following variables have a significant impact on the pavement distress 
prediction in Massachusetts: 
1. Operational speed 
2. HMA binder grade 
3. Traffic distribution 
4. HMA thickness 
5. Climate 
6. AADTT 
7. Subgrade type/modulus. 
In the above overall order of significance ranking the high position of the operational 
speed was surprising. This research did not investigate how realistic ranking of vehicle 
speed is as a variable for pavement performance predictions. It is up to the state agency to 
decide if the change of vehicle speed and its range could really affect the pavement 
performance. 
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Table 30: MA Overall Ranking Summary of Significance of Each Input Parameter on the Performance of Flexible 
Pavement. 
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4.3 Impact of Traffic Inputs on M-E PDG predictions 
Level 3 and 2 M-E PDG sensitivity analysis required a large number of traffic inputs. The 
M-E PDG uses the full axle-load spectrum data for flexible new pavements. The axle-
load spectra are obtained from processing weighting-in-motion (WIM) data. The M-E 
PDG defaults values were determined from an analysis of nearly 200 WIM stations from 
the Long Term Pavement Performance (LTPP) program. The results from this study 
show which traffic inputs are significant for the pavement predictions. 
Operational speed was the most significant variable of the traffic inputs. The sensitivity 
analysis results are especially visible in the AC rutting and total rutting predictions. 
Annual Average Daily Truck Traffic (AADTT) value in all three investigated states also 
had a significant effect on the predicted pavement performance distresses. This value 
could be obtained from the historic traffic data sites, either from the DOT or LTPP 
database. AADTT value affects both rutting predictions (AC and total), as well as fatigue 
bottom-up and top-down cracking. 
The effect of traffic distribution was observed in Massachusetts for all the predicted 
pavement performance indicators. In Vermont and New York, a significant effect was 
only visible for AC and total rutting predicted distresses. The M-E PDG default AADTT 
option allows the designer to choose between different truck distributions depending on 
the road functional classification. Table 31 presents the options for selecting AADTT 
defaults based on the road functional classification and heavy truck traffic characteristics 
(vehicle class 4 to 13). 
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Table 31: AADTT Default Options. 
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The traffic growth factor was found to have an insignificant effect on the prediction of 
pavement distresses 
The monthly adjustment and hourly distribution factors were found to be insignificant to 
the prediction of pavement distresses. 
4.4 Impact of Climate Inputs on M-E PDG predictions 
All of the climate data necessary for the M-E PDG sensitivity analysis is available from 
over 800 weather stations located across the U.S The designer must specify the project 
location (longitude and latitude) to obtain the six closest weather stations. At least three 
weather stations must be chosen for each project location to create a virtual weather 
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station. The purpose of choosing more water stations was to avoid the possibility of 
missing data and of obtaining errors from a single weather station. The climate variable 
was found to have a significant effect on the AC and total rutting predictions. 
The literature review shows that the climatic data have a significant affect on the thermal 
cracking predictions. The occurrence was only observed in New York State, where the 
thermal cracking model worked well, except for the Buffalo, NY location, where the 
thermal crack length values decreased with the increase of time. In the other states the 
task could not be completed due to the M-E PDG software shortcoming (transverse 
cracking values equal to "0"). The example of the climate effect on the thermal cracking 
distress is seen in Figure 33. 
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Figure 33: Effect of Climate on Thermal Cracking in NY State. 
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The water table depth was another climate input parameter selected for this study. This 
variable was found to have an insignificant effect on the most of the predicted pavement 
distresses, with only small effect on total rutting and fatigue (bottom-up) cracking. This 
finding does not seem to be reasonable, and it needs to be reevaluated in a future research 
using a new M-E PDG software version. 
4.5 Impact of Pavement Layer Inputs on M-E PDG predictions 
The research study considered pavement layer inputs variables such as: thicknesses and 
types of all layers in the pavement structure. The typical pavement structure consists of 
four layers: two asphalt layers (surface and binder), base layer and subgrade. The 
designer needs to specify thicknesses of asphalt and base layers, and material types of all 
of the layers. For the sensitivity analysis the asphalt layer thicknesses were varied within 
specific SHA limits and material types were selected based on local soil characteristics. 
It was found during the research that changes in asphalt layer thickness were most 
significant for predicting fatigue bottom-up and top-down cracking. The asphalt layer 
thickness did not affect rutting or smoothness (IRI) predictions of the pavement. 
Base type material was found to have an insignificant effect on predicted pavement 
distresses if used within the specification limits. 
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Subgrade type had a significant effect on fatigue top-down cracking (in VT), moderate 
effect on total rutting (in VT and NY) pavement prediction distresses and, a small effect 
on smoothness (IRI) in all three states. 
4.6 Impact of Material Inputs - Asphalt on M-E PDG predictions 
Asphalt material inputs required for M-E PDG Level 2 and Level 3 sensitivity analysis 
are specified by following variables: 
• Asphalt layer thickness, 
• Asphalt concrete mix aggregate gradation, 
• Asphalt binder grade (Superpave, Viscosity or Penetration grades), 
• Air void content, 
• Effective binder content. 
Asphalt layer thickness is most significant for predicting fatigue bottom-up and top-down 
cracking, and it does not exhibit have any influence on rutting or smoothness (IRI) of the 
pavement. 
Asphalt mix aggregate grading was not found to be significant for any of the distress 
predictor indicators if used within the SHA tolerances. 
Based on the literature review, the asphalt binder grade selection is dependent on traffic 
value level, operational speed and climate (16) (17). This study only investigated the 
interactions between the selected asphalt binder grades and traffic operational speed. It is 
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also known that the asphalt binder grade selection has a large impact on the prediction of 
thermal cracking in pavements. Since this topic was omitted in this research, it is highly 
recommended to review it again. 
This study shows the significant effect of asphalt binder grade in the conjunction with the 
traffic operational speed in two of the investigated states: NY and MA, and that the 
asphalt binder grade had only a moderate effect in Vermont. 
HMA air voids content highly affected fatigue bottom-up cracking, and moderately 
affected top-down pavement distresses in all states. No significance effect of HMA air 
voids content was found on other pavement distresses. 
HMA effective binder content was found to be insignificant for all investigated pavement 
performance distresses within tolerances examined. 
4.7 Impact of Material Properties - Unbound Materials on M-E PDG 
predictions 
The unbound material inputs for M-E PDG sensitivity analysis Level 3 and 2 are 
characterized by the following variables: 
• Material type, 
• Resilient modulus value, 
• Base layer thickness (not investigated), 
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• Other methods to characterize material properties in Level 2 such as: CBR value, R-
value, penetration DCP value, AASHTO layer coefficient - ab or plasticity index and 
grading. 
In this research, the unbound material properties were only characterized by the material 
types and resilient modulus (measured in psi) values obtained from the state 
specifications or the LTPP database. It was found that base layer input variables based 
only on those two values have an insignificant effect on pavement distresses. 
Base layer thickness variable was omitted in this study, but it can impact the M-E PDG 
pavement distress predictions as well. Therefore, it is highly recommended to review this 
topic in the next project. 
Subgrade type had a significant effect on fatigue top-down cracking (in VT), a moderate 
effect on total rutting (in VT and NY) pavement prediction distresses but only a small 
effect on smoothness (IRI) in all three states. 
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Chapter 5: Conclusions 
Based on the results of the sensitivity analyses conducted for flexible pavement systems 
in VT, NY and MA, the following observations were made and the following conclusions 
drawn: 
The various inputs that affect predicted performance of the pavement in VT, NY and MA 
are: 
• Fatigue longitudinal (top-down) cracking predictions were mostly affected by: 
HMA thickness, subgrade type/modulus, HMA air voids and operational speed. 
• Fatigue alligator (bottom-up) cracking predictions were mostly affected by: HMA 
thickness, HMA air voids %, AADTT value, operational speed and traffic 
distribution. 
• Asphalt surface rutting predictions were mostly affected by: operational speed, 
HMA binder grade, climate, AADTT value and HMA mix gradation. 
• Total rutting predictions were mostly affected by: operational speed, HMA binder 
grade, subgrade type/modulus, HMA thickness, traffic distribution and AADTT. 
• Smoothness IRI was not sensitive to most input parameters. Based on the literature 
review fatigue alligator cracking and thermal cracking are the primary contributors to 
the IRI value (19). 
• Based on the above findings only a few parameters used in this study affected all 
predicted performance measures. However, asphalt volumetric properties, AADTT, 
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operational speed, and subgrade type generally influenced most of the predicted 
performance measures. 
• Transverse cracking distresses were only predicted by the M-E PDG software in 
New York State (Appendix B). The model did not work in the Vermont and 
Massachusetts analysis (transverse cracking values equal to "0"). 
5.1 State Specific Recommendations 
Feasibility of the nationally calibrated M-E PDG models in VT, NY and MA were 
investigated based on limited number of resources such as LTPP sections and state web 
sites. These resources are inadequate to finally specify the M-E PDG application 
feasibility in those states. However, this research and results presented herein can help 
with the transition process from the current AASHTO design practices to the M-E PDG, 
by evaluating the adequacy of Level 3 and 2 inputs for flexible pavement design. 
5.1.1 Vermont Recommendations 
According to this study, the most significant M-E PDG input variables on performance 
for new flexible pavements in Vermont are: 
• Traffic values such as AADTT, operational speed and traffic distribution 
• Asphalt thickness 
• Asphalt properties such as air voids content and HMA mix gradation 
• Subgrade type/modulus value 
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It is also recommended that Vermont carefully attend to the selection of the asphalt 
binder grade due to climate variations within the state. The use of the higher binder 
grades is recommended due to the smaller predicted pavement distresses. Based on an 
initial meeting with the Vermont AOT, it could be stated that they are the most advanced 
in the implementation process within the New England States. The Vermont AOT holds 
meetings with the involved departments on the regular basis, provides M-E PDG training 
to the personnel, discusses the M-E PDG implementation issues, makes future plans, 
collects the data necessary for future use with the new software, and validates the 
predicted pavement distress values with their road tests data and recent findings. 
5.1.2 New York Recommendations 
This recommendation is based only on the default input values, which were obtained for 
this state from one LTPP road section and from information available on the NY State 
DOT web site. According to this study, the most significant M-E PDG input variables on 
the performance for new flexible pavements in New York are: 
• Traffic values such as operational speed and traffic distribution 
• Asphalt thickness 
• Other asphalt properties such as air void content and binder grade selection 
• Subgrade type/modulus value 
• Climate 
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Climate is a very important variable for this state due to its area. It was found that climate 
highly affected all predicted pavement distresses with the exception of bottom-up fatigue 
cracking. 
5.1.3 Massachusetts Recommendations 
This recommendation is based only on the default input values, which were obtained for 
this state from three LTPP road sections and from information from the MA DOT web 
site. According to this study, the most significant M-E PDG input variables on the 
performance for new flexible pavements in Massachusetts are: 
• Traffic values such as operational speed, traffic distribution and AADTT value 
• Asphalt thickness 
• Other asphalt properties such as air voids content and binder grade selection 
• Climate. 
The climate variation is especially important with the AC and total rutting predictions for 
new flexible pavements. 
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5.2 General observations for the M-E PDG implementation 
Implementation of the M-E PDG requires: 
a) Time and agency resources (staffing, training, testing facilities and equipment). 
b) Establishment of performance criteria against which the design evaluation can be 
measured. 
c) Validation of the M-E PDG nationally calibrated pavement distress and smoothness 
prediction models with current state conditions. 
d) Local calibration as may needed. 
An example of an implementation plan which can be use by state highway agencies: 
1. Form an Implementation Team and develop a communication plan 
2. Establish a set of performance criteria against which design evaluations can be 
measured. These criteria may be stratified to reflect different levels of traffic, 
different levels of functional class, etc. 
3. Set recommend M-E PDG input levels, required resources, and obtain necessary 
testing equipment 
4. Conduct sensitivity analysis of M-E PDG inputs 
5. Develop and populate a central database with required M-E PDG input values. 
6. Conduct staff training 
7. Develop a formal state specific M-E PDG-related documentation 
8. Resolve differences between the M-E PDG predicted distresses and distresses 
collected in the field 
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9. Calibrate and validate M-E PDG performance prediction models to local conditions 
10. Define long-term plan for adopting the M-E PDG design procedure 
11. Develop a design catalog. 
The benefits of implementing M-E PDG are: 
a) Achieving the more cost effective and reliable pavements designs 
b) Lower initial and life cycle cost to the agency 
c) Reduced highway user impact due to less lane closures for maintenance and 
rehabilitation of pavements 
5.3 Recommendations for future work 
• Transverse cracking model and its performance predictions for flexible pavements 
needs to be analyzing with the new version of the M-E PDG. 
• Improve interactions and data sharing between state highway agencies and 
researchers, (i.e., academia) to benefit future studies (knowledge of states specific 
issues, implementation plans, founding's, local calibrations, etc.,) 
• The M-E PDG predicted pavement distresses should be validated against the recorded 
measurements by each of the state highway agencies covered by this research. 
• Reevaluate the ground water table affect on pavement performance predictions, due 
to suspect findings in this research. 
• Investigate the interaction between asphalt binder grades and traffic level. 
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• Investigate the interactions between asphalt binder grades and climate. 
• Investigate unbound layer thickness effect on predicted pavement distresses for base 
and subbase. 
• Compare summary resilient modulus values to average resilient modulus values for 
unbound layers. 
• Compare affect of base and subbase on pavement distress predictions (as an example: 
rock base/sand subbase). 
• Investigate how the M-E PDG ground water table values relate to unbound Mr values. 
• Investigate how realistic is ranking of vehicle speed as a variable for pavement 
performance predictions. 
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Appendix A: Vermont M-E PDG Level 2 and Level 3 Report 
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VERMONT 
RANGE OF VALUES FOR CRITICAL INPUT PARAMETERS 
INPUT VALUE SELECTION FOR VERMONT FOR M-E PDG 
RUNS 
1. General Inputs 
1.1 Design Life 
• 20 years for a new pavement is recommended 
1.2 Construction & Traffic Opening Dates 
• Base/subgrade construction month - July, 2010 
• Pavement construction month - August, 2010 
• Traffic opening date - October, 2010 
1.3 Type of Pavement 
• This analysis is performed for a new flexible pavement. 
1.4 Site/Project Identification 
The site is located in New Haven, VT on Rt. 7 (LTPP section # 50-1002-1) 
• County: Addison 
• Latitude, deg. 44.12 
• Longitude, deg. -73.18 
• Elevation, (ft) 283 
• Org. Construction Date: 08/01/1984 
• Functional Class: 2 
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1.5 Pavement Layer Structure 
Figure 1A: New Haven, VT - Rt. 7 
Table 1A: Pavement Layers Used for Rt. 7 in Vermont M-E PDG Analysis 
Layer Type 
Original Surface Layer (layer Type: AC) 
AC Layer Below Surface (Binder Course) 
Base Layer (Layer Type: GB) 
Subgrade (Layer Type: SS) 





The pavement layer structure used for VT M-E PDG analysis is similar to the LTPP 
section 50-1002-1 on Rt. 7 in New Haven, VT. 
Table 2A: Pavement Layers at Rt. 2 in Vermont M-E PDG 
Layer Type 
Original Surface Layer (layer Type: AC) 
AC Layer Below Surface (Binder Course) 
Base Layer (Layer Type: GB) 
Subbase Layer (Layer Type: GS) 
Subgrade (Layer Type: SS 






The pavement layer structure LTPP section # 50-1004-1 at Rt. 2 in South Hero, VT. 
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2. Performance Criteria Inputs (Analysis Parameters) 
Table 3A: Suggested Performance Criteria for Use in Pavement Design.* 
Pavement Type 
HMA pavement & overlays 
Performance Criteria 
HMA bottom up fatigue 
cracking (alligator 
cracking) 
HMA longitudinal fatigue 
cracking (top down) 
Permanent deformation 





Max. Value at End of 
Design Life at Design 
Reliability 
Interstate: 10 percent lane 
area 
Primary: 20 percent lane 
area 





Interstate: 0.40-in mean 
Primary: 0.50-in mean 
Others <40 mph: 0.75-in 
mean 
Interstate: Crack spacing 
> 70-ft 
(Crack length < 905-
ft/mile) 
Primary/Secondary: 
Crack spacing > 50-ft 
(Crack length < 1267-
ft/mile) 
Interstate/ Primary: 169 
i n / mile maximum 
Secondary: 223 in /mi le 
maximum 
*Report No. UT-09.11a "Draft User's Guide for UDOT MEPDG"; October 2009 
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Table 4A: Analysis Parameters Used in Vr 
Analysis parameter 
Initial IRI (ln./mi) 
Terminal IRI (in./mi) 
AC Surface Down Cracking (ft/mi) 
AC Bottom Up Cracking (%) 
AC Thermal Fracture (ft/mi) 
Permanent Defoimation - Total Pavement (in) 
Permanent Deformation - AC only (in) 








it.....* . ...I { ^ ^ ^ 
Prefect Name 
Initial IRI (m/mi) 
Peiformance Criteria 
H Rigid Pavement 




K? Terminal IRI (in/mile} 
ry AC Surface Dov>n Cracking 
Long Cracking (ft mi) 
I? AC Bottom Up Cracking Alligator Cracking (%} 
£7 .AC Thermal Fracture ft/mi) 
p_ Chemically Stabilized Layer Fatigue Fracture: 
R? Permanent Defoimation • Total Pavement in] 





J _ _ 
|C-5 
|9C 
_ j e e — -
fsi — * 
jsc 
p _ _ _ 
JSC 
w 
Figure 2A: Analysis Parameters Used in VT 
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3. Design Reliability Input 
















A design reliability of 90 percent is selected for this analysis. A higher level of design 
reliability is not recommended, because of the significant cost increase. 
I l l 
4. Traffic Inputs 
Table 6A: Recommended Traffic Value Inputs 
Traffic Input 
Initial two way AADTT (class 4 and above) 
Number of lanes in design direction 
Percent of trucks in design direction (%) 
Percent of trucks in design lane (%) 
Operational Speed (mph) 
Recommended Value 
Projected traffic for opening month from 
measured historical data. 
Actual or from design plans. 
50%, unless higher tmck volume is measured 
in design direction 
Actual measured in design lane over 24-hours, 
otherwise use the following: 
• 100% for 1 lane in design direction 
• 95% for 2 lanes in design direction 
For unusual truck traffic situations 
(mountainous terrain or urban usage 
complexity), conduct on site tmck lane usage 
counts over 24-hour period. 
Posted or Design Speed 
4.1 Annual Average Daily Truck Traffic (AADTT) 
Truck Traffic (AADTT) is calculated by taking 10.35% of AADT as given in 2009 
Automatic Vehicle Classification Report. AADT for Rt. 7 in New Haven, VT (Addison 
County) was 6800. 







„ M^utaaatasJi. »^  
_J 
Initial two-way AADTT: 
Number of lanes in design direction: 
Percent of trucks in design direction {%}: 
Percent of ttucks in design lane {%}: 
Operational speed (mph): 
Traffic Volume Adjustment' B Edit [ 
Axle load distribution factor: g Edit I 
General Traffic Inputs g j Edit 
Traffic Growth Linear 







Figure 3A: Traffic Inputs for New Haven, VT 
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FHWA VEHICLE CLASSIFICATIONS 
1 Motorcycles 2 PasseisgffrCars 3 Two Axle, 4 Tire Single Units Buses 
5 Two Axle. 6 Tire Single Units 6 Three Aide Sntf e Units 7 four of More Axle Single Urate 8 Four orLess Axle Sinafe Trailers 
P| 1 TO 
9 Five Axle Single Tra jers 1 0 Six of More Axle Single iraiers 1 1 Rve or Less Axie ms-Trailers 
7 Wm 7 "QVW 
12 Six Axfe llMb- Tracers 13 Seen or More Axle Multt-Trailers 
1 w 
Figure 4A: Illustration of FHWA/AASHTO Vehicle Class Type Description 
4.2 Truck Class Distribution selections 























































































*based on LTPP data base, 2008 
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*based on level 3 M-E PDG, 2009 























*Based on Sensitivity Study of Design Input Parameters for Flexible Pavement Systems using M-E PDG in Iowa DOT, 
2004 
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*Based on Sensitivity Study of Design Input Parameters for Flexible Pavement Systems using M-E PDG in Iowa DOT, 
2004 





























































4.3 Rate of Traffic Growth 





Traffic Growth Rate 
1.0% linear 
2.0 % linear 
3.0% linear 
4.4 Traffic Operational Speed 














4.5 Annual Average Daily Truck Traffic (AADTT) 






S6A041 - New Haven, VT (Rt.7) 
S6A107 - Salisbury, VT (Rt. 7) 
S6A014 - Femsburg, VT (Rt. 7) 





4.6 The Monthly Traffic Adjustment Factors 






























































































































































*-n/c - not collected 
Table 16A: Monthly Adjustment Factors (MAF) for Pavement Design in Salisbury 






































































































































































































































































































4.7 The MADT to AADT factor 














MADT's for Selecte d Locations 




















































Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
*MADT - Monthly Average Daily Traffic 
*AADT - Annual Average Daily Traffic 
Figure 5A: MADT to AADT Factor for Three Selected Location (Vehicle 
Classifications 1 to 13) 
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New Haven, VT - Class 5 
n 1 1 1 1 r~ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Month 
J 
Figure 6A: MADTT to AADTT Factor for Class 5 in New Haven, VT 
New Haven, VT - Class 9 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Month 
Figure 7A: MADTT to AADTT Factor for Class 9 in New Haven, VT 
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5. Climate Inputs 
Three climate stations are selected from the five stations for which climate data is 
available in the M-E PDG. The three stations: Bennington, Barre -Montpelier and 
Burlington are chosen as they are more geographically dispersed. 
Canada - Quebec 
LTPP Road 
Section 
Figure 8A: Vermont Climate Station Locations 
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Figure 9A: New Haven, VT Location 
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5.1 Sensitivity to Climate Data Interpolation 




































































5.2 Water Table Depth Variation 










Combination with A-2-4 and A-7-6 
Subgrades 
WT1 E2, WT1E1, 
WT2 E2, WT2 El 
WT3 E2, WT3 El 
The water table depth was selected based on average values from the Addison County 
well. 
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Figure 10A: Vermont Active Wells 
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440016073070901 -VT-MGW 11 
Jul Aug Sep Oct Nov Dec Jan Feb M r Apr May Jun 
2009 - 2010 
Pbt created 06/27/10 03:24 
Figure 11A: Most recent data value: 6.30 on 6/28/2010 Period of Record Monthly 
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fable 20A: Water Level Measurement Records at Addison Well 
Highest WL 
2.58 




Date of Lowest WL 
10/26/01 































































































































Note: Bold values in the table indicate closest statistic to the most recent data value. 
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6. Material Inputs 
6.1 HMA Thickness 
An HMA thickness for the control file is 8.5". To see the effect of HMA thickness on 
predicting distresses values two more HMA thicknesses has been selected: 









The two HMA layers (surface and binder) will be treated as one layer with 19.0 mm 
asphalt mix gradation (mean). 
6.2 Number of HMA Layers 
Two HMA layers are going to be used for the M-E PDG analysis: 
• AC original surface - 3" (w/ 9.5 mm mix gradation) 
• AC binder course - 5.5" (w/ 19.0 mm mix gradation) 
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6.3 HMA Mix Gradation 
HMA mix gradation for Vermont conforms to Superpave specifications. 
rable 23A: Range 
NMAS of Mix 
3/4" sieve 
3/8" sieve 
# 4 sieve 
#200 sieve 




0 - 1 0 
10-NR 
2 - 10 
12.5 mm 
(1/2") 
0 - 1 0 
10-NR 
NR 


















0 - 6 
* NR - No restriction on the value 
fable 24A: Tolerance for HMA Mix Gradation 
NMAS of Mix 
Cum. % Ret 3/4" sieve 
Cum. % Ret 3/8" sieve 














± 5 % 





± 7 % 








Asphalt Material Properties 
| Level [3 : ^ | Asphalt material type [GS9 
Layer thickness (in) 
"3 
Asphalt M« j | Asphalt Binder j g Asphalt General | 
Aggregate Gradation - — 
Cumulative % Retained 3/4 inch sieve 
Cumulative ' . Retained 3/ 8 inch sieve 
Cumulative >, Retained - 4 sieve 
Passing =200 sieve 
nh 
Figure 13A: 3/8" (9.5 mm) Asphalt Mix Aggregate Gradation 
Asphalt Material Properties 
Level F™3 Asphalt material type 
Layer thickness (in) 
isphart Mot j • Asphalt Binder I 0 Asphalt General 
Aggregate Gradation 
Cumuiati/e Retained 3 4 inch sieve 
Cumulative Retained 3/8 inch sieve 
Cumulative * Retained £4 sieve 
Passing =2CC sieve 
1-
42 
Figure 14A: %" (19.0 mm) Asphalt Mix Aggregate Gradation 
129 




1-in (25.0 mm) 
3/4-in(19.0mm) 
'/2-in (12.5 mm) 





























6.4 PG Binder Grade 
Three different binder grades are chosen from among the PG binders that are suitable for 
use in the state of Vermont. PG 58-28 is used as the binder grade for the control case. The 
binder grade is tested in conjunction with operational speed of vehicle. 













































*n/c - not collected 
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6.5 Unbound Layer Inputs 
ASTM D 2940, Standard Specification for Graded Aggregate Material for Bases or 
Subbases for Highways or Airports. The gradation for base material from this standard is 
given below. 
Table 28A: ASTM D 2940 Gradation for Dense-Graded Bases and Subbases 
Sieve Size 
2 in. (50 mm) 
r/2 in. (37.5 mm) 
3/4 in. (19.0 mm) 
V-i in. (9.5 mm) 
No. 4 (4.75 mm) 
No. 30 (0.600 mm) 
No. 200 (0.075 mm) 
Percent Passing 
100 
95 - 100 
7 0 - 9 2 
5 0 - 7 0 
3 5 - 5 5 
12-25 
0 - 8 
6.6 Base Course Resilient Modulus 





3 Vi in 
(90mm) 
3 in (75mm) 
2 in (50mm) 
1 '/2 in 
(37.5mm) 
1 in (25mm) 












































M-E PDG accepts values only between 20000 psi and 30000 psi 
rable 30A: Base Course Aggregate Gradations (Level 2) 
CODE 
Type of course 
Sieve Size 
3 V2 in (90mm) 
3 in (75mm) 
2 in (50mm) 
1 V2 in (37.5mm) 
1 in (25mm) 
3A in (19mm) 
V2 in (12.5mm) 
3/8 in (9.5mm) 
#4 (4.75mm) 
#10 (2.0 mm) 
#40 (0.425 mm) 

















































Job Mix Gradation 
Target Band 
100 
9 0 - 1 0 0 
7 0 - 8 5 
6 5 - 8 0 
5 5 - 7 5 
4 0 - 6 5 
2 5 - 4 0 
7 - 1 1 









6.7 Subgrade Resilient Modulus MR 








Fine sand, some silt 
Coarse to fine gravelly, coarse to 

















6.8 Effective Binder Content Vbe, % (AASHTO T308) 
From table 490.03 B - Design Criteria the VT AOT specifies VFA % from 65% to 75% 
for Traffic Level (ESALs) >3,000,000 
V = Air voids (%) 
a 
V = Effective binder content, % 
beff 
VFA = Void filled with asphalt (%) 
VFA= [Vbeff / (VbrfI + Va)]xl00 






































A and Binder Content 
















Table 36A: HMA Mix Gradation Input Values 
% of Aggregate 
Retained on 3/4" sieve 
Retained on 3/8" sieve 
Retained on #4 sieve 
Passing #200 sieve 
































1 - Mean values of the allowable range of values 
2 - Coarse mix gradation 
3 - Fine mix gradation 
6.9 Air Voids Content, % 









Non mixture design Air Voids (in-situ air voids at construction site) will be based on 
percent compaction in specification: 
- Range 3.5 to 9.5 (90.5 to 96.5) 
Target 6.5 (93.5) - recommended 
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6.10 Mix Coefficient of Thermal Contraction (CTC) 










The Mix CTC default value of 1.3 E-05 is used for Level 3 sensitivity analysis. 
Level 2 CTC are listed above. 
6.11 Aggregate Coefficient of Thermal Contraction 
The MEPDG default value is 5.0*10"6/°F. 
6.12 Initial IRI Values for New Pavement Design 
Table 39A: Suggested Initial IRI Values for New Pavement Design. 
PAVEMENT 
TYPE 









*- Initial IRI for HMA pavements shall be set within the range of 70 to 85 in/mi. 
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7. Vermont Level 3 Sensitivity Analysis 


























Low Class Distribution 
—<•* »High Class Distribution 
Default Distribution 




•Low Class Distribution 


















•Low Class Distribution 
'High Class Distribution 
•Default Distribution 
•Design Limit 
Figure 17A: Effect of Truck Class Distribution on Subtotal AC Rutting 
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•Low Class Distribution 
•High Class Distribution 
•Default Distribution 
•Design Limit 








Figure 19A: Effect of Truck Class Distribution on IRI 
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•LTPP Distribution 
•Low Class Distribution 


























































































Figure 24A: Effect of Traffic Growth Rate on IRI 
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•Growth 1 0% 
•Growth 2 0% 
•Growth 3 0% 
1 6 
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• Design Limit 
20 


















Figure 29A: Effect of AADTT on IRI 
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• Barre Montpel ier VT 
•Burlington VT 








•Barre Montpel ier VT 
•Burlington VT 


















•Barre Montpelier VT 
•Burlington VT 
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Figure 32A: Effect of Climate on Subtotal AC Rutting 
•Bennington VT 
•Barre Montpelier VT 
•Burlington VT 
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Barre Montpelier VT 
•——Burlington VT 
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Figure 34A: Effect of Climate on IRI 
WT Depth = 2ft 
WT Depth = 5ft 
WT Depth = 8ft 





•WT Depth = 2ft 
•WT Depth = 5ft 
•WT Depth = 8ft 
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* - » 
XI 3 
•WT Depth = 2ft 
•WT Depth = 5ft 
•WT Depth = 8ft 
•Design Limit 





•WT Depth = 2ft 
•WT Depth = 5ft 
•WT Depth = 8ft 
•Design Limit 
Figure 38A: Effect of Water Table Depth on Total Rutting 
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•Design Limit 
Figure 39A: Effect of Water Table Depth on IRI 
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Figure 42A: Effect of Effective Binder Content on Subtotal AC Rutting 
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Figure 47A: Effect of Percent Air Voids on Subtotal AC Rutting 
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Figure 50A: Effect of AC Layer Thickness on Bottom-Up Cracking 
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Figure 52A: Effect of AC Layer Thickness on Subtotal AC Rutting 
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Figure 53 A: Effect of AC Layer Thickness on Total Rutting 
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• HMA = 7 0" 
•HMA = 8 5" 
-HMA= 10" 
•Design Limit 
Figure 54A: Effect of AC Layer Thickness on IRI 
7.4 Effect of Asphalt Concrete Mix Gradation 
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Figure 58A: Effect of Aggregate Gradation of 9.5 mm AC mix on Total Rutting 
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Figure 84A: Effect of Binder Grade on IRI at Speed 55 mph 
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Figure 90A: Effect of Subgrade Type on Bottom-Up Cracking 
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Figure 94A: Effect of Subgrade Type on IRI 
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Figure 95A: Effect of Water Table on Bottom-Up Cracking with Weakest Subgrade 
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Figure 96A: Effect of Water Table on Top-Down Cracking with Weakest Subgrade 
•A-7-6 WT 2 ft 
•A-7-6 WT 5 ft 
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Figure 98A: Effect of Water Table on Total Rutting with Weakest Subgrade 
•A-7-6 WT 2 ft 
•A-7-6 WT 5 ft 
A-7-6 WT 8 ft 
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Figure 101A: Effect of HMA CTC on Top-Down Cracking 
181 
0.16 
















HMACTC = 1.0e05 
HMACTC=1.3e05 
HMA CTC = 2.0e05 














f •HMACTC = 1.0e05 
•HMACTC = 1.3e05 



















•HMACTC = 1.0e05 
•HMA CTC = 1.3e05 
•HMACTC = 2.0e05 
20 



















•IRI = 32 in/mi 
'IRI = 70 in/mi 



























•IRI = 32 in/mi 
•IRI = 70 in/mi 
•IRI = 106in/mi 
20 
Figure 106A: Effect of Initial IRI on Top-Down Cracking 
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Figure 108A: Effect of Initial IRI on Total Rutting 
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Figure 109A: Effect of Initial IRI on IRI 
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8. Sensitivity Analysis Summary Level 3 
Normalization of the distresses was done to compare the effects of each input parameter 
on predicted distresses. 
The normalized distress levels are calculated as the ratio of the difference between the 
maximum and minimum predicted distresses for each input variable to the distress levels 
corresponding to the control set of input values. 
mT Maximum Distress-Minimum Distress 
N = — 
Distress for control input set 
N - Normalized Value 





















































































































Table 42A: Normalized Values for Vermont Level 3 and Ranks 




















































































































































































































WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 
HMA mix gradation 
HMA thickness 






0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
Normalized Values 
Figure 110A: Significance of Effect of Input Variables on Bottom-Up Cracking 
Initial IRI 
Traffic distribution 
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HMA thickness 
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WT with weakest subgrade 
Ground water table 
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HMA binder grade 
HMA effective binder content 
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HMA mix gradation 
HMA thickness 
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Figure 112A: Significance of Effect of Input Variables on AC Rutting 
Initial IRI 
Traffic distribution 
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WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 
HMA mix gradation 
HMA thickness 
0.1 0.2 0.3 0.4 0.5 
Normalized Values 
0.6 0.7 
Figure 114A: Significance of Effect of Input Variables on IRI 
Table 43A: Sensitivity Analysis Results Level 3 
Bottom-Up Top-Down AC Rutting Total Rutting 
HMA Thickness HMA Thickness 






































































































































Note: X-Smal l effect 
XX - moderate effect 
XXX - large effect 
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Table 45A: VT Ranking Summary of Significance of Each Input Parameter on the Performance of Flexible Pa\ 





HMA air voids 
HMA effective 
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9. Vermont Level 2 Sensitivity Analysis 
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•Low Class Distribution 





Figure 120A: Effect of Truck Class Distribution on Bottom-Up Cracking 
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^—LTPP Distribution 
Low Class Distribution 

























•Low Class Distribution 
•High Class Distribution 
•Default Distribution 
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Figure 122A: Effect of Truck Class Distribution on Subtotal AC Rutting 
•LTPP Distribution 
•Low Class Distribution 
High Class Distribution 
•Default Distribution 
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Figure 124A: Effect of Truck Class Distribution on IRI 
























•Vbe = 9.5% 
•Vbe = 11.5% 
•Vbe = 13.5% 
20 
198 
Figure 125A: Effect of Effective Binder Content on Bottom-Up Cracking 
•Vbe = 9.5% 
•Vbe = 11.5% 




Figure 126A: Effect of Effective Binder Content on Top-Down Cracking 
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Figure 130A: Effect of Air Void Content on Bottom-Up Cracking 
•Air Voids = 4.0% 
•Air Voids = 5.0% 
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Figure 132A: Effect of Air Void Content on Subtotal AC Rutting 
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—Air Voids = 5.0% 
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Figure 141A: Effect of Subgrade Type on Top-Down Cracking 
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Figure 142A: Effect of Subgrade Type on Subtotal AC Rutting 
•A-7-6 
•A-2-4 
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Figure 144A: Effect of Subgrade Type on IRI 
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Figure 145A: Effect of Water Table on Bottom-Up Cracking with Weakest 
Subgrade 
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Figure 146A: Effect of Water Table on Top-Down Cracking with Weakest Subgrade 
•A-7-6 WT 2 ft 
•A-7-6 WT 5 ft 
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•Initial IRI = 32 
•Initial IRI = 70 
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Figure 157A: Effect of Initial IRI on Subtotal AC Rutting 
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Figure 159A: Effect of Initial IRI on IRI 
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10. Sensitivity Analysis Summary Level 2 
Normalization of the distresses was done to compare the effects of each input parameter 
on predicted distresses. 
The normalized distress levels are calculated as the ratio of the difference between the 
maximum and minimum predicted distresses for each input variable to the distress levels 
corresponding to the control set of input values. 
_
 T Maximum Distress-Minimum Distress 
N = — 
Distress for control input set 
N - Normalized Value 
Table 46A: Difference between Maximum and Minimum Distress Level - Level 2 
VERMONT LEVEL 2 
Input Variable 











































































Table 47A: Normalized Values for Vermont Level 2 and Ranks 
VERMONT LEVEL 2 
Input 
Variable 

















































































































































HMA effective binder content 
HMA air voids 
0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140 
Normalized Values 
Figure 160A: Significance of Effect of Input Variables on Bottom-Up Cracking 
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Top-Down Cracking 








HMA effective binder content 
HMA air voids 
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Figure 161 A: Significance of Effect of Input Variables on Top-Down Cracking 
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Figure 162A: Significance of Effect of Input Variables on AC Rutting 
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Total Rutting 








HMA effective binder content 
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Figure 163A: Significance of Effect of Input Variables on Total Rutting 
IRI 
HMA Layer thickness I 
Initial IRI \ 
i 
Traffic distribution I 
AADTT value I 
WT with weakest subgrade I 
i 
Subgrade type/modulus 1 
Base type/modulus I 
HMA CTC 
HMA effective binder content 
HMA air voids I 
0.000 0.100 0.200 0.300 0.400 
Normalized Values 
0.500 0.600 0.700 
Figure 164A: Significance of Effect of Input Variables on IRI 
219 
Table 48A: Sensitivity Analysis Results Level 2* 
Bottom-Up Top-Down AC Rutting Total Rutting 
HMA Thickness HMA Thickness AADTT AADTT Initial IRI 
AADTT Subgrade Type/ Traffic 
Modulus Distribution 
HMA Thickness HMA CTC 























* Values from highest to lowest 
































































Note: X - Small effect 
XX - moderate effect 





3. Sensitivity Study of Design Input Parameters for Two Flexible Pavement Systems 
Using the MEPDG; Sunghwan Kim, Iowa State University, August 2005. 
4. Vermont Agency of Transportation Flexible Pavement Design Procedures for use 
with the 1993 AASHTO Guide for Design of Pavement Structures; March 1, 
2002. 
5. Sensitivity Analysis of Pavement Performance Predicted Using the 
MEPDG; Dinesh Ayyala, May 2009. 
6. Superpave Series No. 1 (SP-1, 2003) and No. 2 (SP-2, 1996) 
7. Report No. UT-09.11a Draft User's Guide for UDOT MEPDG; October 
2009. 
8. ASTM Standards Volume 04.03, 2008 
9. ASTM Standards Volume 04.08.. 2009 
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Appendix A: Code Descriptions (Vermont) 
CODE 
A l , A2, A3 
Bl , B2, B3 
A1B1,A2B2, A3B3 
Dl , D2, D3, D4 
El, E2, E3 
Fl, F2, F3 
Gl , G2, G3 
M l , M2, M3 
M1L2, M2 L2 
N l , N2, N3 
Q l , Q2, Q3 
Rl, R2, R3 
SI, S2, S3 
T l , T2, T3 
U l , U2, U3 
V I , V2, V3 
WT1, WT2, WT3 
DESCRIPTIONS 
3/8" (9.5 mm) HMA mix gradation 
3/4" (19 mm) HMA mix gradation 
Mean, coarse, fine HMA mix gradation 
Truck class distribution 
Subgrade type 
Effective binder content 
AC Binder grade 
Base course aggregate gradation level 3 
Base course aggregate gradation level 2 
Coefficient of Thermal Contraction 
AADTT value 
Traffic growth rate 
Initial IRI 
HMA layer thickness 
Traffic operational speed 
Binder air content 
Ground water table level 
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T R A N S P O R T A T I O N 
PERFORMANCE GRADED BINDER 
SELECTION MAP 
SEE PERFORMANCE GRADED BINDER 
SELECTION TABLE FOR APPROPRIATE 
PG GRADE ADJUSTMENTS 
PR£P»R£0 BY TMC 
AGENCY OF TRANSPORTATION 
SCALE 
S O 5 iQ 'Smt.ES 
£^_IJ. ^ ^ ""is KIOWTEKS 
* s s * C H u s £ r i s 
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M r Range 
38,500-42,000 
35,500 - 40,000 
28,000 - 37,500 





17,000 - 25,500 





13,500 - 24,000 
17,000 - 25,500 
28,000 - 37,500 
24,000 - 33,000 
21,500-31,000 
24,000 - 33,000 
21,500-31,000 
24,000 - 33,000 
21,500 - 28,000 
28,000 - 37,500 
39,500-42,000 
35,500-40,000 
28,000 - 40,000 
35,500-40,500 
28,000 - 39,000 
31,000-40,000 
24,000 - 37,500 
33,000 - 42,000 


































Appendix D: Permanent Traffic Recorder Stations (Vermont) 
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Traffic Recorder Stations 
Published by 
Vermont Agency of Transportation 
Policy, Outreach & Community Affairs 
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Appendix E: Performance Graded Binder Selection Table (Vermont) 
Performance Graded Binder Selection Table 
Adjusted PG Binder 





0.3 to < 3 
3 to < 10 
10 to < 30 
>30 
Adjusted PG Binder Grade 
Average Traffic Speed 



















' Design ESALs are the anticipated project traffic level expected on the design lane over a 20-year period, regardless of the 
actual design life of the roadway. 
w
 XX indicates the low temperature of the selected PG Binder determined from the Perfomiance Graded Binder 
Selection Map. either -28 or -34. 
(3)
 When the high-end temperature is adjusted two grades to a 70. the low-end temperatiue needs to be changed to a -28 if 
the selected PG binder is a PG 58-34. If selected PG binder is a PG 58-28. then no change to the low-end temperatiue is 
needed when changing the high-end temperature two grades to 70. 
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Appendix B: New York State M-E PDG Level 3 Report 
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NEW YORK STATE 
RANGE OF VALUES FOR CRITICAL INPUT PARAMETERS 
Department of 
7" ransportation New York MM State 
INPUT VALUE SELECTION FOR NEW YORK FOR M-E PDG 
RUNS 
1. General Inputs 
1.1 Design Life 
• 20 years for a new pavement is recommended. 
1.2 Construction & Traffic Opening Dates 
• Base/subgrade construction month - August, 2010 
• Pavement construction month - September, 2010 
• Traffic opening date - October, 2010 
1.3 Type of Pavement 
This analysis is performed for a new flexible pavement. 
1.4 Site/Project Identification 
The site is located in East Syracuse, NY, 481 Highway (LTPP section # 36-1011-1) 
• County: ONONDAGA 
• Latitude, deg. 43.12 
• Longitude, deg. -76.05 
• Elevation, (ft) 395 
• Org. construction date: 06/01/1984 
• Constr. event date 09/14/1993 
• Functional class: 11 
• Years of climatic data 27 
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Figure IB: LTPP Section 36-1011-1 Coordinates 
1.5 LTPP Road Section Structure 
Table IB: Pavement Layers at Section 36-1011-1 
Layer Type 
Original Surface Layer (layer Type: AC) 
AC Layer Below Surface (Binder Course) 
Base Layer (Layer Type: GB) 
Subgrade (Layer Type: SS) 





LTPP road section # 36-1011-1 contains of 2 traffic lines in one direction. 
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2. Performance Criteria Inputs (Analysis Parameters) 
Table 2B: Suggested Performance Criteria for Use in 
Pavement Type 
HMA pavement & overlays 
Performance Criteria 




fatigue cracking (top 
down) 
Permanent deformation 
(total mean rutting of 





Max. Value at End of Design 
Life at Design Reliability 
Interstate: 10 percent lane 
area 
Primary: 20 percent lane 
area 





Interstate: 0.40-in mean 
Primary: 0.50-in mean 
Others <40 mph: 0.75-in 
mean 
Interstate: Crack spacing > 
70-ft 
(Crack length < 905-
ft/mile) 
Primary/Secondary: 
Crack spacing > 50-ft 
(Crack length < 1267-
ft/mile) 
Interstate/Primary: 169 
in /mi le maximum 
Secondary: 223 in /mile 
maximum 
'Report No. UT-09.11a "Draft User's Guide for UDOT MEPDC"; October 2009 
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Table 3B: Analysis Parameters Used for NY State. 
Analysis parameter 
Initial IRI (in /mi) 
Terminal IRI (in /mi) 
AC Surface Down Cracking (ft/mi) 
AC Bottom Up Cracking (%) 
AC Thermal Fracture (ft/mi) 
Pennanent Deformation - Total Pavement (in) 
Permanent Deformation - AC only (in) 










I , , 
j ProiectName JNY 1011 Ievel3 Control 
I 
i Initial IRI [in/mi) |75| 
r Performance Criteria 
• Rigid Pavement H Flexible Pavement | 
i 
| 7 Terminal IRI In/mile) 
I r— AC Surface Down Cracking 
. Long Cracking ft/mi) 
n AC Bottom Up Cracking 
Alligator Cracking (%) 
R? AC Thermal Fracture ft/mi) 
n Chemtcalty Stabiliied Layer 
Fatigue Fracture{%) 
I * Permanent Deformation - Total Pavement (m) 
W Permanent Deformation - AC Only fn) 





















Figure 2B: Analysis Parameters Used in NY 
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Terminal IRI (in/mi) 
AC Surface Down Cracking 
(Long. Cracking) (ft/mile): 
AC Bottom Up Cracking 
(Alligator Cracking) (%): 
AC Thermal Fracture 
(Transverse Cracking) (ft/mi): 
Chemically Stabilized Layer 
(Fatigue Fracture) 
Permanent Deformation (AC 
Only) (in): 
Permanent Deformation 











































Table 5B: IRI Ranges Defined by FHWA Highway Statistics Publications 
IRI Scale (in/mi) 
< 6 0 
61 - 1 2 0 
121 - 1 7 0 









3. Design Reliability Input 
















A design reliability of 90 percent is selected for this analysis. A higher level of design 
reliability is not recommended, because of the significant cost increase. 
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4. Traffic Inputs 
Table 7B: Recommended Traffic Value Inputs 
Traffic Input 
Initial two way AADTT (class 4 and above) 
Number of lanes in design direction 
Percent of trucks in design direction (%) 
Percent of trucks in design lane (%) 
Operational Speed (mph) 
Recommended Value 
Projected traffic for opening month from 
measured historical data. 
Actual or from design plans. 
50%, unless higher truck volume is measured 
in design direction 
Actual measured in design lane over 24-hours, 
otherwise use the following: 
• 100% for 1 lane in design direction 
• 95% for 2 lanes in design direction 
For unusual truck traffic situations 
(mountainous terrain or urban usage 
complexity), conduct on site truck lane usage 
counts over 24-hour period. 
Posted or Design Speed 
4.1 Annual Average Daily Truck Traffic (AADTT) 
Truck Traffic (AADTT) was calculated by taking 16.0 % of Annual Average Daily 
Traffic (AADT) as given in 2010 Traffic Data Viewer. The AADT for 481 Highway 
located in East Syracuse, NY (ONONDAGA County) was 26198 for the 2010 year. 
Control AADTT for this study is taken as 4192. 
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Design Life (year 
Opening Date 
I nittal two-way AAD T T 
M i i m h o c a U a n f l f t - i i v j I a w g i a f4tt<sr*l 
A A D T T C a l c u l a t o r 
T 
Ax 
Two way annual average daily traffic (AADT) 
Percent of heavy vehicles (Class 4 or higher) 
Cancel OK 
i|&%ifffltWrf?iS! i 
General Traffic Inputs 
"Edit ImportVExport 
Edit 
Traffic G r o w t h ^ JLinear.ZS; 
Figure 3B: Traffic Inputs for East Syracuse, NY 
i * Traffic Data Viewer Windows Internet Expforer 
*f*M*Hi^l^ ft itmma ^n^MAPOT *~3j *M ( £$ uiM* Out ^ aft* 






















0 5 10 20 30 40 
I Miles 
Figure 5B: NY State DOT Region 3 map 
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Weigh-in-Motion WIM Stations 
Legend 
volume speed class wesghl 
55 110 220 330 440 
• i Miles 
Figure 6B: NY State WIM Stations. 
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FHWA VEHICLE CLASSIFICATIONS 
1 Motorcycles 2 Passenger Cars | 3 t w Axle. 4 Tire Singte Unrts | 4 
I -A ' 
5 Two Axle, 8 Tire Single Units 6 Three Axfei Single- Units 7 Fotg of More Axte Single Un.1s 8 Four orLess Axle Singfe Trailers 
Wl Qk 9 WW i ^i 
9 Five Axie Single Traiers 10 Six or Mora Ajde Single Traiats 1 1 Five or Less Axle Muf^ ~Tra Hers 
7 W® T ^y j^"©! 
12 Sx Axfe Mufti- Trailers 1 3 Seven or More Aale Mutt*- Traders 
WW T 00] ^ P f^Pir W w © ®T 
Figure 7B: Illustration of FHWA/AASHTO Vehicle Class Type Description 
4.2 Truck Class Distribution selections 































































* - no LTPP Track Class Distribution data 
**- Based on Sensitivity Study of Design Input Parameters for Flexible Pavement Systems using M-E PDG in Iowa 
DOT, 2004 
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4.3 Rate of Traffic Growth 





Traffic Growth Rate 
1.0% linear 
2.0 % linear 
3.0 % linear 
4.4 Traffic Operational Speed 














4.5 Annual Average Daily Truck Traffic (AADTT) 






East Syracuse, NY 
1-90 exit 
South of 1-90 




* - Figure 8 Traffic data Viewer map 
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Figure 8B: NY 481 Interstate AADT Values (Yellow Color - Control AADT) 
4.6 The Monthly Traffic Adjustment Factors 
Table 12B: Monthly Adjustment Factors (MAF) for Pavement Design in East 



































s l l 
Clas 
s l 2 
Clas 
s l 3 
- level 3 default value 
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4.7 The MADT to AADT factor 














MADT's for Selected Location 
MADT* TO AADT** FACTOR 





































*- MADT - monthly average daily traffic 
**- AADT - annual average daily traffic 
n/c - not collected 
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5. Climate Inputs 
Five climate stations were selected from available climate data base in the M-E PDG. 
The five stations have been chosen as they were more geographically dispersed. These 
stations are: Albany, Buffalo, Saratoga (control), Massena and Poughkeepsie. 
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Figure 9B: New York State Map - Climate Station Location 
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5.1 Sensitivity to Climate Data Interpolation 





































































































5.2 Water Table Depth Variation 
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7 •*"' -• 
©72001 Microsgftle!orp.'tlHfiqhts i 
Figure 11B: Camillus, NY Well Location (Site Number: 430243076180401 - Local 
Number, Od-1825) 
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Plot created: 5/21/2011 23:26 
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Figure 12B: Ground Water Table Level 
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OS 07 08 09 10 11 
Yea rs Plot created: 5/22/2011 10:00 
Figure 13B: Historic Data for Depth to Water Level in Camillus, NY (Well # Od-
1825) 
Table 16B: Water Level Measurement Records at Camillus Well 
Highest WL 
0.0 




Date of Lowest WL 
08/12/03 














6. Material Inputs 
6.1 HMA Thickness 
An HMA thickness for the control file is 9.8". To see the effect of HMA thickness on 
predicting distresses values two more HMA thicknesses has been selected: 









6.2 Number of HMA Layers 
Two HMA layers are going to be used for the M-E PDG analysis: 
• AC original surface - 1.2" (w/ 9.5 mm mix gradation) 
• AC binder course - 8.6" (w/ 19.0 mm mix gradation) 
A total HMA thickness for a control value is taken as 9.8". 
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6.3 HMA Mix Gradation 
HMA mix gradation for New York State conforms to Superpave specifications. 
Table 19B: Range of Values of HMA Mix Gradation - Su jerpave Specifications 








0 - 1 0 
10-NR 
2 - 1 0 
12.5 mm 
(1/2") 
0 - 1 0 
10-NR 
NR 


















0 - 6 
= NR - No restriction on the value 
Table 20B: Tolerance for HMA Mix Gradation 
NMAS of Mix 
Cum. % Ret 3/4" sieve 
Cum. % Ret 3/8" sieve 





























Asphalt Material Properties 
'. '•* *F«8«?ir9'*-1.* j - " f » ™ 
Level F~3 Asphalt material type \fm*ffifo£l 3 
Layer thickness (in) ] ' ' 
Asphalt Mix | Asphalt Binder 1 • Asphalt General! 
r Aggregate Gradation • — 
j Cumulative % Retained 3/* inch sieve P 
l 
Cumulative % Retained 3/8 inch sieve |5 
Cumulative ' . Retained #4 sieve [35 
% Passing =200 sieve 
Figure 14B: 3/8" (9.5 mm) Asphalt Mix Aggregate Gradation 
AspRiit Material Properties 
. , r ; Asphalt matenaltype [Asphaltgconcrete ~ T T 
Level |3 • i 
1
 Layer thickness (mj 1° ° 
Asphalt Mix | Asphaft Binder I B Asphalt General 
Aggregate Gradation 
Cumulative % Retained 3/4 inch sieve | ' 
Cumulative 5. Retained 3/8 men sieve |2 -
Cumulative X Retained #4 sieve 142 
• % Passing P200 sieve [5 
Figure 15B: %" (19.0 mm) Asphalt Mix Aggregate Gradation 
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Table 21B: Recommended Typical NY State HMA Mix Gradations Input 
Gradation Mix 
Designation 
1-in (25.0 mm) 
3/4-in(19.0mm) 
y2-in(12.5mm) 





























6.4 PG Binder Grade 
Five different binder grades are chosen from among the PG binders that are suitable for 
use in the state of New York. The PG 64-22 is used as the binder grade for the control 
case. The binder grade is tested in conjunction with operational speed of vehicle. 














6.5 Unbound Layer Inputs 
ASTM D 2940, Standard Specification for Graded Aggregate Material for Bases or 
Subbases for Highways or Airports. The gradation for base material from this standard is 
given below. 
Table 23B: ASTM D 2940 Gradation for Dense-Graded Bases and Subbases 
Sieve Size 
2 in. (50 mm) 
VA in. (37.5 mm) 
3/4 in. (19.0 mm) 
Vi in. (9.5 mm) 
No. 4 (4.75 mm) 
No. 30 (0.600 mm) 
No. 200 (0.075 mm) 
Percent Passing 
100 
95 - 100 
7 0 - 9 2 
5 0 - 7 0 
3 5 - 5 5 
12-25 
0 - 8 
6.6 Base Course Resilient Modulus 
Table 24B: Base Course Aggregate Gradations (Level 3) 
CODE 
Type of course 
Sieve Size 
3 VT. in (90 mm) 
3 in (75 mm) 
2 in (50 mm) 
1 VT. in (37.5 mm) 
1 in (25 mm) 
% in (19 mm) 
#4 (4.75 mm) 

























































Job Mix Gradation 
Target Band 
100 
9 0 - 1 0 0 
7 0 - 8 5 
6 5 - 8 0 
5 5 - 7 5 
4 0 - 6 5 
2 5 - 4 0 
7 - 1 1 
















\: Subgrade Types and Subgrade Resilient Modulus 
SUBGRADE TYPE 
Clayey soils 
Fine sand, some silt 
Coarse to fine gravelly, coarse 
















* n/c - not collected 
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6.8 Effective Binder Content Vbe, % (AASHTO T308) 















Table 29B: HMA Mix Gradation Input Values 
% of Aggregate 
Retained on 3/4" sieve 
Retained on 3/8" sieve 
Retained on #4 sieve 
Passing #200 sieve 
































1 Mean values of the allowable range of values 
2 - Coarse mix gradation 
3 - Fine mix gradation 
6.9 Air Voids Content, % 









None mixture design Air Voids (in-situ air voids at construction site) will be based on 
percent compaction in specification: 
• Range 3.5 to 9.5 (90.5 to 96.5) 
• Target 6.5 (93.5) - recommended 
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6.10 Mix Coefficient of Thermal Contraction (CTC) 










The Mix CTC default value of 1.3 E-05 is used for Level 3 sensitivity analysis. 
To see the effect of the CTC value on the sensitivity analysis the ranges were selected 
based on the M-E PDG help menu from 1.0 x 10"7 to 1.0 x 10"4. 
6.11 Initial IRI Values for New Pavement Design 
Table 32B: Suggested Initial IRI Values for New Pavement Design 
PAVEMENT TYPE 









- Initial IRI for HMA pavements shall be set within the range of 70 to 85 in/mi. 










6.12 Aggregate Coefficient of Thermal Contraction 
The M-E PDG default value is 5.0*10"6/°F. 
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7. NY State M-E PDG Level 3 Sensitivity Analysis 
7.1 Effect of Traffic Inputs on Pavement Distresses 
1.6 
1.58 











• M M I jililS:i*d»ilJ • ^ • M H f 
•Low Class Distribution 





Figure 16B: Effect of Truck Class Distribution on Bottom-Up Cracking 
900 
800 
•Low Class Distribution 





















Low Class Distribution 
High Class Distribution 
Default Distribution 
Design Limit 
Figure 18B: Effect of Truck Class Distribution on Subtotal AC Rutting 
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Figure 25B: Effect of Traffic Growth Rate on IRI 
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—Speed = 5 mph 
—Speed = 25 mph 




Figure 26B: Effect of Traffic Speed on Bottom-Up Cracking with PG 64-22 
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—Speed = 5 mph 
—Speed = 25 mph 
—Speed = 65 mph 
— Design Limit 










Speed = 5 mph 
Speed = 25 mph 
Speed = 65 mph 
Design Limit 
Figure 28B: Effect of Traffic Speed on Subtotal AC Rutting with PG 64-22 
Speed = 5 mph 
Speed = 25 mph 
Speed = 65 mph 
Design Limit 





— S p e e d = 5 mph 
^—Speed = 25 mph 
=—'Speed = 65 mph 
Design Limit 
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- -AADTT 7161 
Design Limit 
Year 
Figure 35B: Effect of AADTT on IRI 
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• W T l f t 
•WT3f t 
•WT 6 ft 
•WT 10 ft 
Figure 42B: Effect of Water Table Depth on Bottom-Up Cracking 
800 
•WT 1 ft 
•WT 3 ft 
•WT 6 ft 

























































WT 1 ft 
^55S5 — W I 3tt 
- ^ W T 6 ft 
WT 10 ft 
Design Limit 
20 





Figure 46B: Effect of Water Table Depth on IRI 
•WT 1 ft 
•WT3ft 
•WT 6 ft 
•WT 10 ft 
•Design Limit 
20 





•Vbe = 9% 
•Vbe = 11% 
•Vbe = 13% 


















Vbe = 9% 
Vbe = 11% 
Vbe = 13% 




•Vbe = 9% 
•Vbe = 11% 
•Vbe =13% 
•Design Limit 






•Vbe = 9% 
•Vbe =11% 
•Vbe = 13% 
•Design Limit 




•Vbe = 9% 
•Vbe =11% 
-Vbe = 13% 
•Design Limit 
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•Air Voids = 3% 
-Air Voids = 4% 
•Air Voids = 5.5% 





^ — A i r Voids = 3% 
Air Voids = 4% 
-= —Air Voids = 5.5% 
Figure 53B: Effect of Percent Air Voids on Top-Down Cracking 
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0.3 



















•Air Voids = 3% 
•Air Voids = 4% 
•Air Voids = 5.5% 
•Design Limit 




•AirVoids = 3% 
•Air Voids = 4% 
•Air Voids = 5.5% 
•Design Limit 






•Air Voids = 3% 
•Air Voids = 4% 
•Air Voids = 5.5% 
•Design Limit 














•HMA = 8" 
•HMA = 9.8" 
•HMA =11" 








•HMA = 9.8" 
•HMA =11" 
•Design Limit 
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15 20 
•HMA = 8" 
•HMA = 9.8" 
•HMA= 11" 
•Design Limit 






•HMA = 8" 
•HMA = 9.8" 
•HMA =11" 
•Design Limit 





• HMA = 8" 
•HMA = 9.8" 
»HMA= 11" 
•Design Limit 
Figure 61B: Effect of AC Layer Thickness on IRI 
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9.5 mm Mean 
9.5 mm Coarse 
9.5 mm Fine 
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•9.5 mm Mean 
•9.5 mm Coarse 
•9.5 mm Fine 
•Design Limit 





















•9.5 mm Mean 
•9.5 mm Coarse 
•9.5 mm Fine 
•Design Limit 
Figure 66B: Effect of Aggregate Gradation of 9.5 mm AC mix on IRI 
1.56 
19 mm Mean 
— 19 mm Coarse 
~ — 1 9 mm Fine 













— 19 mm Mean 
^—19 mm Coarse 




gure 68B: Effect of Aggregate Gradation of 19.0 mm mix on Top-Down Cracking 
•19 mm Mean 
•19 mm Coarse 
•19 mm Fine 
•Design Limit 





•19 mm Mean 
•19 mm Coarse 
•19 mm Fine 
•Design Limit 




19 mm Mean 
19 mm Coarse 
= —=•19 mm Fine 
Design Limit 
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Figure 91B: Effect of Binder Grade on IRI at Speed 65 mph 
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Figure 92B: Effect of Base Course Material on Bottom-Up Cracking 
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Figure 98B: Effect of Subgrade Type on Top-Down Cracking 
A-2-4 
Design Limit 
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— A - 7 - 6 1ft 
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-HMACTC = 1.0e07 
-HMACTC = 1.3e05 


























•HMA CTC = 1.0e07 
•HMACTC=1.3e05 
•HMA CTC = 0.0001 
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— Design Limit 
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IRI = 32 in/mi 
IRI = 75 in/mi 
IRI = 106 in/mi 






















•IRI = 32 in/mi 
•IRI = 75 in/mi 
•IRI = 106 in/mi 
























•IRI = 32 in/mi 
•IRI = 75 in/mi 
•IRI = 106 in/mi 
•Design Limit 


















•IRI = 32 in/mi 
•IRI = 75 in/mi 
•IRI = 106 in/mi 
•Design Limit 










— IRI = 32 in/mi 
^—IRI = 75 in/mi 
«™-IR! = 106 in/mi 
— Design Limit 
Figure 116B: Effect of Initial IRI on IRI 
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8. Sensitivity Analysis Summary Level 3 
Normalization of the distresses was done to compare the effects of each input parameter 
on predicted distresses. 
The normalized distress levels are calculated as the ratio of the difference between the 
maximum and minimum predicted distresses for each input variable to the distress levels 
corresponding to the control set of input values. 
_ , Maximum Distress—Minimum Distress 
N = 
Distress for control input set 
N - Normalized Value 
Table 34B: Difference between Maximum and Minimum Distresses - Levej^ 3 





HMA air voids 
HMA effective 
binder content 





































































































Table 35B: Normalized Values and Ranks for NY Level 3 
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Table 35B: Normalized Values and Ranks for NY Level 3 























































































































































































































WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 










0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 
Normalized Values 








WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 
HMA mix gradation 
HMA thickness 
Normalized Values 









WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 









0.2 0.4 0.6 0.; 
Normalized Values 
1.2 








WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 
HMA mix gradation 
HMA thickness 
0.1 0.2 0.3 0.4 
Normalized Values 
0.5 0.6 









WT with weakest subgrade 
Ground water table 
Subgrade type/modulus 
Base type/modulus 
HMA binder grade 
HMA effective binder content 
HMA air voids 
HMA mix gradation 
HMA thickness 
0 0.1 0.2 0.3 0.4 0.5 
Normalized Values 
Figure 121B: Significance of Effect of Input Variables on IRI 
Table 36B: NY Sensitivity Analysis Results Level 3 
0.6 0.7 
Bottom-Up Top-Down AC Rutting Total Rutting 






















































































































































Note: X - Small effect 
XX - moderate effect 
XXX - large effect 
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Table 38B: NY Overall Ranking Summary of Significance of Each Input Parameter on the Performance of Flexible 
Pavement 
NEW YORK LEVEL 3 
Input Variable 
HMA thickness 
HMA mix gradation 
HMA air voids 
HMA effective 
binder content 




Ground water table 
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VI, V2, V3 
WT1, WT2,WT3 
DESCRIPTION 
3/8" (9.5 mm) HMA mix gradation 
3/4" (19 mm) HMA mix gradation 
Mean, coarse, fine HMA mix gradation 
Tmck class distribution 
Subgrade type 
Effective binder content 
AC Binder grade 
Base course aggregate gradation level 3 
Coefficient of Thermal Contraction 
AADTT value 
Traffic growth rate 
Initial IRI 
HMA layer thickness 
Traffic operational speed 
Binder air content 
Ground water table level 
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Appendix B: Seasonal Adjustment Factors (New York) 
SEASONAL ADJUSTMENT FACTORS FOR TRAFFIC COUNT PROCESSING 2010 
Based on Continuous Count Site Data 2007 - 2009 
WORK WEEK 
FACTOR 
GROUP J A N A P R M A Y J U N JUL A U G S E P O C T N O V D E C 
29 0 . 3 0 6 
urban 30 0.953 




0 . 970 
l . G ? 3 
1.03 2 
1.003 1 .049 
1.056 1.031 
1.10? 1 n b 
1 .049 1 .055 








0 .3S9 0 . 9 4 9 
1 .030 0.99-5 
t 073 1.048 
39 0.777 
suburban 10 Q.%4Q 
41 0.314 
^9 0 .615 
recreational 60 0 . tt&8 
-si 0 .731 
0.737 0.333 
0 356 0 901 
0.933 0.982 
O S37 0.640 
0.70? Q.?30 
n.796 0 373 
0 .879 0 . 9 8 6 
J 953 1 .04J 
1 .041 1 .121 
0 . 5 7 0 0 . 9 1 1 
i . m i . o o o 
0 971 i . 1 0 7 
1 .015 i . 0 6 0 
1 081 1 .161 
1 . 1 6 3 1.234 
1 .040 1 .316 
1 .141 1.3*9 
1.2S4 l.SBB 
1 031 








0 . 9 8 1 
1 .063 









l .O iS 0.97^ 
0 h91 O.S28 
0.783 0 .6*3 
0.397 ) 939 
Factor Group 
f i c t i o n a l -




3 1 S% 
For each factor group, the percent precision value is the 
maximum value out of all months 
The FHWA Traffic Monitoring Guide 2001 states 
The reliability levels recommended are 10 percent precision with 95 percent confidence, $5-10, fix each individual 
seasonal group, excluding recreational groups where no precision requirement is specified 
New York State Department of Transportation 
Highway Data Services Bureau 
MO-TraftlcDataViewer@dot state ny us 
(518)457-1965 
316 







AXLE ADJUSTMENT FACTORS FOR 2010 TRAFFIC COUNT PROCESSING 
BASED ON 2004 - 2009 VEHICLE CLASSIFICATION DATA 
1 2 3 4 
0 774 [ 0 786 | 0 800 10 7361 
0 915 0 939 0 940 0 882 
0 956 0 944 0 952 
10 
REGION 
5 6 7 8 9 
0 812 0 720 0 763 |0 786| 0 792 
0 930 0 897 0 914 0 965 0 912 
0 938 0 955 0 950 0 962 0 956 |0 955 0 955 
07 0 970 0 974 0 950 0 968 
08 |0 976| 0 977 10 9761 0 979 
09 [0 9821 0 979 10 982} 10 9821 0 981 [0 982 | 0 965 0 986 0 978 [o 982 | 
0 963 0 963 0 946 0 976 0 971 |~0 9651 








FC 1 2 3 4 
11 |0 881| | 0 881 | 0 889 0 947 
12 0 979 0 962 0 961 0 979 
14 0 972 0 979 0 969 0 969 
16 0 978 0 974 0 982 0 984 
17 0 982 0 983 0 987 0 989 
19 |0 9841 0 990 10 984 | 0 992 
REGION 
5 6 7 8 9 10 11 STATEWIDE 
0 887 |0 881 | |0 881| |0 881| |0 881 | |p 881 | |0 881| 0 881 
0 977 |0 9611 [ | 0 977 0 945 0 987 10 961 | 0 961 




0 982 0 981 0 976 0 985 0 977 0 982 | 0 982 | 
0 989 0 988 0 981 0 988 0 983 0 985 | 0 982 ( 
0 991 10 984 | 10 984 | 0 990 |0 984 | 10 984 | | 0 984 | 
'• Blank cell indicates there are no highway segments in this FC in this region 
J Shaded cell indicates insufficient data (< 10 highway segments) - statewide average was used 
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Appendix D: Heavy Vehicle (Class 04-13) Percentages for 2009 (New 
York) 
HEAVY VEHICLE (F04 - F13) PERCENTAGES 2009 
BASED ON 2004 - 2009 VEHICLE CLASSIFICATION DATA 
RURAL 
FC 1 2 
01 25 1 % | | 
02 13 2% 1 1 6 % 
06 10 4% 7 7% 
07 8 8% 6 0% 
REGION 
6 7 10 
08 | 7 2% | 6 1% 
09 | 7 7% | 5 5% 
24 0% |21 6%| 23 5 % 36 0% 26 9 % |19 3 % | 25 1% 
10 1%, 17 0% 10 9% 15 5% 13 5 % 7 5% 13 6% 
10 0% 9 8% 113% 10 2% 10 0% 8 9% 10 2% | 6 0% | 
10 0% 9 7% 8 8% 10 9% 10 5% 7 0% 8 7% | | 
| 8 6% | 5 1% 6 3 % | 5 7% | 7 4% 7 7% 6f 





















3 4 5 6 7 8 9 
^ 7 % ) 8 4% 14 9% [21 2 % | |16 8%| |15 5%| |23 4 % | 
7 6% 4 9% 
6 2% 6 2% 
5 5% 4 5% 
5 0% 4 1% 
I 4 4 % I 3 3 % 
4 6% f l6 0%[ [ j 4 8% 9 2% 
5 7% 8 6% 6 9% 5 8% 8 8% 
5 0% 5 6% 6 4% 5 1% 6 4% 
4 4 % 5 1% 6 8% 5 1% 5 7% 
3 5% [J 
I 
3 9% 
6 2 % 
5 3 % 
5 5 % 
| 5 5 % 
|13 3 % | 
| 2 9% | 
7 0% 
| 3 5% | 
|14 6%| 















j Blank cell indicates there are no highway segments in this FC in this region 
J Shaded cell indicates no data or insufficient data (< 10 highway segments) 
RURAL 
01 Principal Artenal - Interstate 
02 Principal Arterial - Other 
06 Minor Artenal 
07 Major Collector 
08 Minor Collector 
09 Local 
FUNCTIONAL CLASSIFICATION (FC) CODES 
URBAN 
11 Principal Arterial Interstate 
12 Principal Arterial - Other Freeway or Expressway 
14 Principal Arterial - Other 










































24,000 - 33,000 
21,500-31,000 
21,500-28,000 











24,000 - 33,000 
21,500-31,000 
24,000 - 33,000 
21,500-31,000 





28,000 - 40,000 
35,500-40,500 
28,000 - 39,000 
31,000-40,000 




































Appendix F: Performance Graded Binder Selection - Standard (New 
York) 




Location by Counties 
All Other Counties Not Listed Under Downstate 
Orange, Putnam, Rockland, Westchester, Nassau, Suffolk 








1. For high volume roadways in Dutchess County, PG 70-22 or PG 76-22 may be specified with the 
concurrence of the Regional materials Enaineer. 
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Appendix G: Performance Graded Binder Selection - Polymer Modified 
(New York) 
Performance Graded Binder Selection - Polymer Modified 
Conditions for Use 
Cold temperature data warrants its use 
with the concurrence of the Regional 
Matenals Engineer Typically Adirondack 
Region 
Multiple course overlays, reconstruction, 
or new construction where cold 
temperature data warrants its use with 
the concurrence of the Regional 
Materials Engineer 
Multiple course overlays, reconstruction, 
new construction or roadway segments 
containing (a) grades in excess of 4 0% 
or (b) intersections that have traffic 
control signals (3 light signal) with the 
concurrence of the Region Materials 
Engineer 
Where the traffic level is greater than 30 
million ESALs based on a 20-year design 
life or the roadway segment contains (a) 
grades in excess of 4 0% or (b) 
intersections that have traffic control 
signals (3 light signal) 
Location 
Jefferson, Lewis, St Lawrence, 
Franklin, Clinton, Essex, and the 
Northern Sections of Herkimer, 
















1 Other PG binder grades niay be specified in a given location with approval from the Regional Matenals Engineer 
and the Matenals Bureau 
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Appendix C: Massachusetts M-E PDG Level 3 Report 
322 
MASSACHUSETTS 
RANGE OF VALUES FOR CRITICAL INPUT PARAMETERS 
INPUT VALUE SELECTION FOR MA FOR M-E PDG RUNS 
UmuHirjntu Q*p*nmtnt of TumporWton 
Highway Ohrtaion 
1. General Inputs 
1.1 Design Life 
• 20 years for a new pavement is recommended 
1.2 Construction & Traffic Opening Dates 
• Base/sub grade construction month - June, 2010 
• Pavement construction month - July, 2010 
• Traffic opening date - August, 2010 
1.3 Type of Pavement 
• This analysis is performed for a new flexible pavement. 
1.4 Site/Project Identification 
The site is located in New Bedford, MA, 1-195 Highway (LTPP section # 25-1004-1) 
• County: BRISTOL 
• Latitude, deg.: 41.65 
• Longitude, deg.: -70.9 
• Elevation, (ft): 49 
• Org. Construction Date: 7/1/1974 
• Constr. Event Date: 9/1/2002 
• Functional Class: 11 
• Years of Climatic Data: 59 
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Figure 2C: LTPP Section Coordinates Lat/Lon: 41.65/70.9 
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Table IC: Pavement Layers at LTPP Section 25-1004-1 
Layer Type 
Original Surface Layer (layer Type: AC) 
AC Layer Below Surface (Binder Course) 
Base Layer (Layer Type: GB) 
Subgrade (Layer Type: SS) 





The LTPP Section selected for the analysis has four layers of materials: two asphalt 
layers and two unbound material layers. 
LTPP road section # 25-1004-1 contains of 2 traffic lines in one direction. 
[ 33 8 m~ 
Figure 3C: Three LTPP Sections Located in MA 
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Mas si 
Figure 4C: LTPP Station 25_1004 at 1-195 Used for the M-E PDG Sensitivity 
Analysis 
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2. Performance Criteria Inputs (Analysis Parameters) 
Table 2C: Suggested Performance Criteria for Use in Pavement Design* 
Pavement Type 
HMA pavement & overlays 
Performance Criteria 
HMA bottom up fatigue 
cracking (alligator 
cracking) 
HMA longitudinal fatigue 
cracking (top down) 
Permanent deformation 
(total mean rutting of 




Max. Value at End of 
Design Life at Design 
Reliability 
Interstate: 10 percent lane 
area 
Primary: 20 percent lane 
area 





Interstate: 0.40-in mean 
Primary: 0.50-in mean 
Others <40 mph: 0.75-in 
mean 
Interstate: Crack spacing 
> 70-ft 
(Crack length < 905-
ft/mile) 
Pr imary/ Secondary: 
Crack spacing > 50-ft 
(Crack length < 1267-
ft/mile) 
Interstate/ Primary: 169 
in /mi le maximum 
Secondary: 223 in /mi le 
maximum 
*- Report No. UT-09.11a Draft User's Guide for UDOT MEPDG; October 2009. 
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Table 3C: Analysis Parameters Used in MA State 
Analysis parameter 
Initial IRI (in./mi) 
Terminal IRI (in./mi) 
AC Surface Down Cracking (ft/mi) 
AC Bottom Up Cracking (%) 
AC Thermal Fracture (ft/mi) 
Permanent Deformation - Total Pavement (in) 
Permanent Deformation - AC only (in) 








Analysis Parameters "E§ 
Project Name 
Initial IRI (in/mi) 
Performance Criteria 
MA 1004 Level3 Control 
75 
Bgtd Pavement 9 Flexible Pavement 
R Terminal IRI fin/mile) 
« &C Surface Dov-.n Cracking 
Long Cracking ft m) 
jT~ AC Bottom IJp Cracking 
.Alligator Cracking i%) 
R AC Thermal Fracture $t/mt) 
n Chemically Stabilized Layer 
Fatigue Fracturett,} 
R Permanent Deformation - Total Pavement §n) 
















Figure 5C: Analysis Parameters Used in MA 
sc 
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Table 4C: MA level 3 Control Reliability Summary 
Project: MA_1004 Ievel3 Control 
Reliability Summary 
Performance Criteria 
Terminal IRI (in/mi) 
AC Surface Down Cracking 
(Long. Cracking) (ft/mile): 
AC Bottom Up Cracking 
(Alligator Cracking) (%): 
AC Thermal Fracture 
(Transverse Cracking) (ft/mi): 
Chemically Stabilized Layer 
(Fatigue Fracture) 
Permanent Deformation (AC 
Only) (in): 












































*It was impossible to achieve the acceptable Reliability result for the Permanent 
Deformation using allowable (according to the state specification) inputs data. 
Table 5C: IRI Ranges Defined by FHWA Highway Statistics Publications 
IRI Scale (in/mi) 
<60 
61-120 










3. Design Reliability Input 
















The 1-195 Interstate is located in the urban area, so the reliability value for the analysis 
should be 95 percent. Because of the low truck traffic value in this area a lower reliability 
was selected (90%) for the sensitivity analysis. Higher level of design reliability is not 
recommended, because of the significant cost increase. 
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4. Traffic Inputs 
Table 7C: Recommended Traffic Value Inputs 
Traffic Input 
Initial two way AADTT (class 4 and above) 
Number of lanes in design direction 
Percent of trucks in design direction (%) 
Percent of trucks in design lane (%) 
Operational Speed (mph) 
Recommended Value 
Projected traffic for opening month from 
measured historical data. 
Actual or from design plans. 
50%, unless higher truck volume is measured 
in design direction 
Actual measured in design lane over 24-hours, 
otherwise use the following: 
• 100% for 1 lane in design direction 
• 95% for 2 lanes in design direction 
For unusual truck traffic situations 
(mountainous terrain or urban usage 
complexity), conduct on site truck lane usage 
counts over 24-hour period. 
Posted or Design Speed 
4.1 Annual Average Daily Truck Traffic (AADTT) 
Truck Traffic (AADTT) is calculated by taking 5.00% of AADT as given in 2005 Mass 
DOT Traffic Statistic. The 2005 year was selected, because of the higher traffic value 
(AADT=73,500) compared to year 2008 (AADT=64,400). Control AADTT for 1-195 in 
New Bedford (Bristol County) for this study is taken as 3675. 
332 
•f &#*« P HuJ*& 
Design Life (years)' 
Opening Date-
Initial two-way AAD T T • 
Number of lanes in design direction. 
Percent of trucks in design direction {X}. 
Percent of trucks in design lane [X] 
oaaiinnal tnp,prlimnhL—..... & 
BrTcateSlaBT ' 
Two-way annual average daily traffic (AADT) 
Percent of heavy vehicles (Class 4 or higher] 
Cancel 
! Traffic Growth kjj-inear, 2 ^ 
Figure 6C: Traffic Inputs for New Bedford, MA 
OK 

























O * e 
1ft 
Figure 7C: Two-Way AADT in New Bedford, MA (2005) 
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Local ID: $384 
Direction: 2-WAY 








Figure 8C: New Bedford, MA WIM Station (ID # 6384) 
1 Mctore»dtt 2 PmwngetCm | 3 7m*m.«T«»S«itf»VJftn Sirt*$ 
5 TwaMr. 8Tr»S^»tn«« S_?i_TTgg»te» Sm&* \Mx 7 gpurof Moojtejg&ngj» Ur> S ^our or t*<» At* Singi* Trjttn 
Sir 1r ^ ^ fur l 811 
9 Fn* Art* Snot* Xtintn 1p 3>» or Mor* An)* Snot* T r y * t1 fvtv^tnAatUuh-Ttiitn 
w W T ¥ T BarBTT— IJF ^F ^9 Hwr 
12 Sa A>» * * * • TfA*OT 13 S*v«<ior Mer»Ari*ltM»-T«a<>r* 
WT flUf 1 ft W 
Figure 9C: Illustration of FHWA/AASHTO Vehicle Class Type Description 
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4.2 Truck Class Distribution selections 






























































*Based on Sensitivity Study of Design Input Parameters for Flexible Pavement Systems using M-E PDG in Iowa DOT, 
2004 
4.3 Rate of Traffic Growth 





Traffic Growth Rate 
1.0% linear 
2.0 % linear 
3 .0% linear 
335 
4.4 Traffic Operational Speed 













The effect of operational speed is analyzed in conjunction with binder grade and the 
traffic operational speed input values. 
4.5 Annual Average Daily Truck Traffic (AADTT) 







#6526 - Fall River 
#0007 L - Mattapoisett 





4.6 The Monthly Traffic Adjustment Factors 
Table 12C: Monthly Adjustment Factors (MAF) for Pavement Design in New 





























































































































































*- no data available 
Table 13C: Monthly Adjustment Factors (MAF) for Pavement Design for Fall River 






































































































































































































































































































4.7 The MADT to AADT factor 
























































- MADT - monthly average daily traffic 
:
*- AADT - annual average daily traffic 
:
**- no data available 
n - " 'EPOC - N ^ , - - - - - «• 
Sum of MONTHLY_HATlol 
1337 l a = -
1 2 
, 




1937 1SS? 1937 
3 - $ 
, , 
JH J i 
It it Jt 1 tt 1 




i i i it 
i i f f ff ff ff 
=1111114+111 





















' MONTH ' JJ§^R^JwEHIOJE_a«S " 1 
Figure IOC: MADT to AADT Factor for New Bedford, MA Vehicle Class 4 to 11 
(Missing Data Class 12-13) 
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3 TRF.ME»e_MONTH__DJ_F-aR 
IT03 " l*r*. ? i~ 
Sum of MONTHLY_RATIO (2) ' 
i 
+ 
i MONTH -llVEHICLE CLASS ' 
MONTHLY RATIO » 
Figure 11C: Class 6 Monthly Adjustment Factors (MADTT to AADTT) for New 
Bedford, MA 
3 TRF_* IEPDG.MOMTH 0 > F. 
MONTH - VEHICLE CLASS » 






S 7 3 = 1 
l l l 
1 
1 . i . 
MONTHLY RATIO • 
Figure 12C: Class 9 Monthly Adjustment Factors (MADTT to AADTT) for New 
Bedford, MA 
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5. Climate Inputs 
Four climate stations were selected from the eighteen stations for which climate data is 
available in the M-E PDG. The four stations: New Bedford (control), Boston, Westfield-
Springfield and Worcester were chose as they are more geographically dispersed. 
Figure 13C: Massachusetts Climate Station Locations 
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5.1 Sensitivity to Climate Data Interpolation 






















































































5.2 Water Table Depth Variation 










Combination with A-2-4 and A-7-6 
Subgrades 
WT1 E2, WT1 El, 
WT2 E2, WT2 El 
WT3 E2, WT3 El 
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The water table depth was selected based on average values from the MA-NGW 116 
New Bedford, MA well. 
•HDDLESEX westwoocy 
(MS) BtacksUne MOI 
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> Cumberland'* n i j j 
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'Pascoag jpJTfZtel^ ^ M ^ ^ H U t e T T S 
X # 7
" K,H,n J , j L f t " ^ ' * I" ^- >SpCente:r ~ ^ 
* i ^ y jFrtucke^ar fe«W^ - ' 
.-»o. ^ ^ - i f
 v a E B t Providence jj 
, PROVIDEN&-fef H !V BRISTOL f,g,l ^ 
, IK?*anston J?V - V EastP, 
\ ff x » W a r % © Freetown1!. 
Coventry Warwick oRrer,-* \ O B _ it „ . « 
* " " BRISTOL ^FallRiuer M










Portsmdutht, Worth Dartmouth" 
Cape CodB$y 


















'"•=- -i WASHINGTON- Pier* 
PawcatycJ^ 
1 




Bwzar<ts:Bi% V , _ 









igure 14C: Bristol County Active Wells 
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414025070572801 -MA-NGW 116 NEW BEDFORD, MA 
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 
2010-2011 
Pbt created 05/22/11 02:30 
Explanation - Percentile Classes 
• • •» • * 
Data Point , . u •„._,,, _._,.-« T s . ^ , - j , Monthly Msdian 
Figure 15C: Ground Water Table Levels for 2010-2011 (Site Number: 
414025070572801) 
























94 00 06 
Plot created: 4/3/2011 11 :41 
Figure 16C: Historic Data of a Ground Water Level in New Bedford, MA 
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Table 17C: Ground Water Table Most Recent Data Values on 03/28/201 l(Depth to 































































































































Note: Bold values in the table indicate closest statistic to the most recent data value. 
Table 18C: Water Level Measurement Records at New Bedford Well 
Highest WL 
2.31 




Date of Lowest WL 
07/23/64 
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6. Material Inputs 
6.1 HMA Thickness 
An HMA thickness for the control file is 9.6". To see the effect of HMA thickness on 
predicting distresses values two more HMA thicknesses has been selected: 









The two HMA layers (surface and binder) will be treated as one layer with 19.0 mm 
asphalt mix gradation (mean). 
6.2 Number of HMA Layers 
Two HMA layers are going to be used for the M-E PDG analysis: 
• AC original surface - 1.4" (w/ 9.5 mm mix gradation) 
• AC binder course - 8.2" (w/ 19.0 mm mix gradation) 
345 
6.3 HMA Mix Gradation 
HMA mix gradation for Massachusetts conforms to Superpave specifications. 
Table 20C: Range of Values of HMA Mix Gradation - Superpave Specifications 
NMAS* of Mix 
3/4" sieve 
3/8" sieve 





0 - 1 0 
10-NR 
2 - 1 0 
12.5 mm 
(1/2") 
0 - 1 0 
10-NR 
NR 


















0 - 6 
*- Nominal Maximum Aggregate Size 
** - No restriction on the value 
Table 21C: Tolerance for HMA Mix Gradation 
NMAS of Mix 
Cum. % Ret 3/4" sieve 
Cum. % Ret 3/8" sieve 






























Level FT3 Asph.llmate.i.hvpe | « W « K W 
Layer thickness (in) 1 4 
~B 
Asphalt Mix j g Asphalt Binder | H Asphalt General: 
'-Aggregate Gradation —• -— 
Cumulative ', Retained 3/4 inch sieve p 
Cumulative *. Retained 3/3 inch sieve (2 
Cumulative '» Retaned #^ sieve 
', Passing J?200 sieve 
52 
Figure 17C: 3/8" (9.5 mm) Asphalt Mix Aggregate Gradation 
Asphalt ttateriafProperties 
SWSf £ -Wf^WW Liitsi 
Level [3 ~7j , Asphalt material type |A^alcqnctetej 
Layer thickness (in) 8 2 
Asphalt MK I Asphalt Binder | • Asphalt General I 
Aggregate Gradation 
Cumulative ', Retaned 3/4 inch sievt 
Cumulative *, Retaned 3/8 inch sievt 
Cumulative *. Retained #4 sieve 
*. Passing £2G0seve 
HO 
5E 
Figure 18C: 3/4" (19.0 mm) Asphalt Mix Aggregate Gradation 
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Table 22C: Recommended Typical Massachusetts HMA Mix Gradations Input 
Gradation Mix 
Designation 
1-in (25.0 mm) 
3/4-in(19.0mm) 
' / z - in in imm) 





























6.4 PG Binder Grade 
Based on Mass DOT asphalt supplier list, three asphalt PG grades were selected: PG 52-
34, PG 64-22 and PG 64-28 for the M-E PDG sensitivity analysis. The PG 64-22 is used 
as the binder grade for the control case. The binder grade is tested in conjunction with 
operational speed of vehicle. 










6.5 Unbound Layer Inputs 
ASTM D 2940, Standard Specification for Graded Aggregate Material for Bases or 
Subbases for Highways or Airports. The gradation for base material from this standard is 
given below. 
Table 24C: ASTM D 2940 Gradation for Dense-Graded Bases and Subbases 
Sieve Size 
2 in. (50 mm) 
1V2 in. (37.5 mm) 
3/4 in. (19.0 mm) 
!/2 in. (9.5 mm) 
No. 4 (4.75 mm) 
No. 30 (0.600 mm) 
No. 200 (0.075 mm) 
Percent Passing 
100 
9 5 - 100 
7 0 - 9 2 
5 0 - 7 0 
3 5 - 5 5 
12-25 
0 - 8 
6.6 Base Course Resilient Modulus 
Table 25C: Base Course Aggregate Gradations (Level 3) 
CODE 
Type of course 
Sieve Size 
3 l/2 in (90.0 mm) 
3 in (75.0 mm) 
2 in (50.0 mm) 
1 V2 in (37.5 mm) 
1 in (25.0mm) 
% in (19.0 mm) 
#4 (4.75 mm) 




































































6.7 Subgrade Resilient Modulus MR 








Fine sand, some silt 
Coarse to fine gravelly, coarse to 















- n/c not collected 
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6.8 Effective Binder Content Vbe, % (AASHTO T3 08) 















Table 29C: HMA Mix Gradation Input Values 
% of Aggregate 
Retained on 3/4" sieve 
Retained on 3/8" sieve 
Retained on #4 sieve 
Passing #200 sieve 
































1 - Mean values of the allowable range of values 
2 - Coarse mix gradation 
3 - Fine mix gradation 
6.9 Air Voids Content, % 









None mixture design Air Voids (in-situ air voids at construction site) will be based on 
percent compaction in specification: 
• Range 3.5 to 9.5 (90.5 to 96.5) 
• Target 6.5 (93.5) - recommended 
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6.10 Mix Coefficient of Thermal Contraction (CTC) 










The Mix CTC default value of 1.3 E-05 is used for Level 3 sensitivity analysis. 
To see the effect of the CTC value on the sensitivity analysis the broad ranges were 
selected based on the M-E PDG help menu from 1.0 x 10"7 to 1.0 x 10"4. 
6.11 Aggregate Coefficient of Thermal Contraction 
The M-E PDG default value is 5.0*10"6/°F. 
6.12 Initial IRI values for new pavement design 
Table 32C: Suggested Initial IRI Values for New Pavement Design 
PAVEMENT TYPE 









*- Initial IRI for HMA pavements shall be set within the range of 70 to 85 in/mi. 
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7. MA State M-E PDG Level 3 Sensitivity Analysis 
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Figure 19C: Effect of Truck Class Distribution on Bottom-Up Cracking 

































































Figure 23C: Effect of Truck Class Distribution on IRI 
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•Growth 1% 





Figure 24C: Effect of Traffic Growth Rate at Bottom-Up Cracking 
356 
•Growth 1% 










Growth 2% (Control) 
Growth 3% 
Design Limit 











Growth 2% (Control) 
Growth 3% 
Design Limit 
Figure 27C: Effect of Traffic Growth Rate on Total Rutting 
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Speed = 5 mph 
Speed = 25 mph 
Speed = 65 mph 
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• Speed = 5 mph 
• Speed = 25 mph 
• Speed = 65 mph 
•Design Limit 
Figure 30C: Effect of Traffic Speed on Top-Down Cracking with PG 64-22 
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0.45 
•Speed = 5 mph 
•Speed = 25 mph 
•Speed = 65 mph 
•Design Limit 
Figure 31C: Effect of Traffic Speed on Subtotal AC Rutting with PG 64-22 
Speed = 5 mph 
Speed = 25 mph 











Speed = 5 mph 
Speed = 25 mph 
Speed = 65 mph 
Design Limit 
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Figure 38C: Effect of AADTT on IRI 
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Figure 39C: Effect of Climate on Bottom-Up Cracking 




Figure 40C: Effect of Climate on Top-Down Cracking 
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0.3 

































































Figure 47C: Effect of Water Table Depth on Total Rutting 
180 
100 







Figure 48C: Effect of Water Table Depth on IRI 
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" V b e = 12% 
20 








Figure 50C: Effect of Effective Binder Content on Top-Down Cracking 
369 
0.3 



















gure 52C: Effect of Effective Binder Content on Total Rutting 
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_ •Vbe =10% 
•Vbe =11% 





gure 53C: Effect of Effective Binder Content on IRI 
•Air Voids = 4% 
•Air Voids = 5% 
JAir Voids = 6% 


















•Air Voids = 4% 
•Air Voids = 5% 
•Air Voids = 6% 
Figure 55C: Effect of Percent Air Voids on Top-Down Cracking 
•Air Voids = 4% 
•Air Voids = 5% 
•Air Voids = 6% 
'Design Limit 






•Air Voids = 4% 
•Air Voids = 5% 
•Air Voids = 6% 
•Design Limit 
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Air Voids = 4% 
Air Voids = 5% 
"-"Air Voids = 6% 
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•HMA = 8" 
•HMA = 9.6" 
•HMA= 11" 







™>HMA = 11" 















•HMA = 8" 
•HMA = 9.6" 
-HMA =11" 
•Design Limit 




HMA = 8" 
HMA = 9.6" 





gure 62C: Effect of AC Layer Thickness on Total Rutting 
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s 
"a •HMA = 8" 
•HMA = 9.6" 
•HMA =11" 
•Design Limit 
Figure 63C: Effect of AC Layer Thickness on IRI 

































•9.5 mm Mean 
•9.5 mm Coarse 
•9.5 mm Fine 
•Control 



























•9.5 mm Mean 
•9.5 mm Coarse 
•9.5 mm Fine 
•Control 





•9.5 mm Mean 
•9.5 mm Coarse 
*9.5 mm Fine 
"Control 
•Design Limit 






9.5 mm Mean 
9.5 mm Coarse 
-
J
~ "9.5 mm Fine 
«=~~~ wontro i 
Design Limit 
















•9.5 mm Mean 
•9.5 mm Coarse 
»9.5 mm Fine 
•Control 
•Design Limit 
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•19 mm Mean 
• 19 mm Coarse 
• 19 mm Fine 
•Control 




19 mm Mean 
19 mm Coarse 
19 mm Fine 
Control 





• 19 mm Mean 
• 19 mm Coarse 
• 19 mm Fine 
•Control 
•Design Limit 




• 19 mm Mean 
•19 mm Coarse 
•19 mm Fine 
•Control 
•Design Limit 







•19 mm Mean 
•19 mm Coarse 
* 19 mm Fine 
•Control 
•Design Limit 









































Figure 77C: Effect of Aggregate Gradation of 9.5 mm & 19.0 mm mix on Total 
Rutting 
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Figure 81C: Effect of Binder Grade on Subtotal AC Rutting at Speed 5 mph 
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•PG 64-22 (Contrc 
•PG 64-28 
Figure 89C: Effect of Binder Grade on Bottom-Up Cracking at Speed 65 mph 
1400 
•PG 52-34 













•PG 64-22 (Control) 
•PG 64-28 
•Design Limit 
Figure 91C: Effect of Binder Grade on Subtotal AC Rutting at Speed 65 mph 
•PG 52-34 
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Figure 93C: Effect of Binder Grade on IRI at Speed 65 mph 
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Figure 113C: Effect of HMA CTC on IRI 
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Figure 117C: Effect of Initial IRI on Total Rutting 
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Figure 118C: Effect of Initial IRI on IRI 
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8, Sensitivity Analysis Summary Level 3 
Normalization of the distresses was done to compare the effects of each input parameter 
on predicted distresses. 
The normalized distress levels are calculated as the ratio of the difference between the 
maximum and minimum predicted distresses for each input variable to the distress levels 
corresponding to the control set of input values. 
m T Maximum Distress-Minimum Distress 
N = — 
Distress for control input set 
N - Normalized Value 




















































































































Table 35C: Normalized Values and Ranks for MA Level 3 

















































































































































































































Table 36C: Sensitivity Analysis Results Level 3 
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Figure 121C: Significance of Effect of Input Variables on AC Rutting 
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Figure 128C: Significance of Effect of Input Variables on IRI 
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Note: X-Smal l effect 
XX - moderate effect 
XXX-large effect 
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Table 38C: MA Overall Ranking Summary of Significance of Each Input Parameter on the Performance of Flexible 
Pavement 
AL4SSACHUSETTS LEVEL 3 
Input Variable 
HMA thickness 
HMA mis gradation 
HMA air voids 
HMA effective 
binder content 
HMA binder grade 
Base type modulus 
Subgrade 
type modulus 
Ground water table 
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4. Standard Specification for Highway and Bridges, (1988) 
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Dinesh Ayyala, (May 2009) 
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414 
Appendix A: Code Descriptions (Massachusetts) 
CODE 















WT1, WT2, WT3 
DESCRIPTION 
3/8" (9.5 mm) HMA mix gradation 
3/4" (19 mm) HMA mix gradation 
Mean, coarse, fine HMA mix gradation 
Truck class distribution 
Subgrade type 
Effective binder content 
AC Binder grade 
Base course aggregate gradation level 3 
Coefficient of Thermal Contraction 
AADTT value 
Traffic growth rate 
Initial IRI 
HMA layer thickness 
Traffic operational speed 
Binder air content 
Ground water table level 
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Appendix B: Specification for Hot Mix Asphalt (Massachusetts) 
Specifications for Hot Mix Asphalt 
Percent by Weight Passing Sieve Designation 
Sieve 
Designation 





















































0 - 6 








6 5 - 8 0 



































9 - 2 1 
6 - 1 6 

































1 - 3 
6 - 7 
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Appendix C: Engineering Limits for HMA Aggregate Gradation and 
PG Binder Content (Massachusetts) 
Engineering Limits for HMA Aggregate Gradation and PG Binder Content 
Sieve Designation / Binder Content 
Passing No. 4 sieve and larger sieve 
sizes 
Passing No. 8 to No. 100 sieves 
(inclusive) 
Passing No. 200 sieve 
Binder 
Engineering Limit for 
06FC 
JMF Target ± 5% 
JMF Target+3% 
JMF Target ± 1 % 
JMF Target+ .3% 
Engineering Limit 
for all other mixes 
JMF Target ± 7% 
JMF Target ± 4% 
JMF Target ±2% 
JMF Target ± 0.4% 
417 
























































24,000 - 33,000 
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24,000 - 33,000 
21,500-31,000 
24,000 - 33,000 
21,500-31,000 







28,000 - 39,000 
31,000-40,000 
24,000 - 37,500 
33,000-42,000 
Typical Mr 
40,000 
38,000 
32,000 
28,000 
26,000 
24,000 
29,000 
24,000 
20,000 
17,000 
12,000 
8,000 
8,000 
11,500 
17,000 
20,000 
32,000 
28,000 
25,500 
28,000 
25,500 
28,000 
24,000 
32,000 
41,000 
38,000 
34,500 
38,500 
34,000 
36,000 
31,000 
38,500 
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